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Preface 

This document is part of a two-manual set entitled 
Risk Assessment Guidance for Superfund. One 
manual, the Environmental Evaluation Manual, 
provides guidance for ecological assessment at 
Superfund sites: the other, the Human Health 
Evaluation Manual, provides guidance for health risk 
assessment at these sites. Guidance in both areas is 
needed so that EPA can meet the requirements of 
sections 12l(b)(IJ and (d) of the Comprehensive 
Environmental Response, Compensation, and 
Liability Act (CERCLA), namely, that selected 
remedial actions be protective of human health and 
the environment. This risk assessment guidance also 
can assist EPA in complying with other CERCLA 
directives. For example, Section 121(c) requires 
future reviews to ensure that human health and the 
environment continue to be protected at sites where 
contaminants remain after remedial actions were 
completed 

The Risk Assessment Guidance for Superfund 
manuals were developed to be used during the 
Removal and Remedial Investigation/Feasibility 
Study (Rl/FS) processes at Superfund sites. The 
analytical framework and specific methods described 
in the manuals, however, may also be applicable to 
evaluations of hazardous wastes and hazardous 
materials for other purposes. For the RifFS process, 
these manuals are companion documents to EPA's 
Guidance for Conducting Remedial lnuestigations 
and Feasibility Studies Under CERCLA (October 
1968;, and users should be familiar with that 
guidance. The two Superfund risk assessment 
manuals were developed with extensive input from 
EPA workgroups composed of both Regional and 
Headquarters staff. These manuals are interim final 
guidance; final guidance will be issued after the 
revisions to the I\ational Oil and Hazardous 
Substances Pollution Contingency Plan (::\CP), 
proposed in December 1988, become final 

Although environmental evaluation and human 
health evaluation are different processes, they share 
certain information needs and generally will use 
some of the same chemical and other data for a site. 
Planning for both evaluations should begin during 
the scoping stage of the Rl/FS, and site sampiing and 
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other data collection acttnttes to support the two 
evaluations should be coordinated An example of 
this type of coordination is the sampling and analysis 
of fish or other aquatic organisms: if such sampling is 
done properly, data can be used in assessing human 
health risks from ingestion of fish and she ]]fish and 
in assessing impacts to, and potential effects on, the 
aquatic ecosystem. 

The two manuals in this set have somewhat different 
target audiences. The Environmental Eualuatwn 
Manual primarily addresses Remedial Project 
Managers (RPMs) and On-Scene Coordinators 
(OSCs), who are responsible for ensuring a thorough 
evaluation of potential environmental effects at sites 
The Environmental Evaluation Manual is not a 
detailed "how-to" type of guidance, and it does not 
provide "cookbook" approaches for evaluation 
Instead, it identifies the kinds of hdp that RP:vis or 
OSCs are Iikelv to need and where to find that help 
Then it desc-ribes an overall framework f~r 
considering environmental effects. A detailed 
discussion of environmental evaluation methods may 
be found in Ecological Assessments o( Ha:.arc'ous 
Waste Sites: A Field and Laborator:- Refe"f'nce 
Document (EPN600/3-89/013), published by !:!'A's 
Office of Research and Development. The fiul7ic:n 
Health Evaluation Manual. available i:; 1969, 
provides a basic framewo:-h. for heal tl-: r::'h. 
assessment at Superfund sites Trw health e,·alu;,n:or~ 
manual is addressed primarily to the indi\':d·clc.i~ 
actually conducting healtb. risk assessr:1en:s for s1tes 

and who are frequently contractors to EPA. States, or 
potentially responsible parties. It is also targeted to 
EPA staff, including those responsih;e fo:- ensur:ng a 
thorough evaluation of human health risks (i e , 
RP~fs). The Human Health Evaluatwn Manua[ 
replaces a previous EPA guidance docur.:ent. Tht> 
Superfund Public Health Eualuatwn Afcnual. o; 

SPHEM (October 1986), which shoulci be used until 
the Interim Final Human Health Evalu.ati('n Afanuai 
is available. The new manual incorporates lessor.o 
learned from application of the earlier ;nanual a;Hi 
addresses a number of issues raised since publication 
of the SPHE:\1 
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Chapter 1 

Introduction 

This manual is intended to help Remedial Project 
Managers (RPMs) and On Scene Coordinators (OSCs) 
manage environmental evaluation of Superfund 
sites. Environmental evaluation is an important part 
of the Remedial and Removal processes. Since RPMs 
and OSCs have primary responsibility for managing 
these processes, it is important for them to under
stand basic ecological concepts and how they relate to 
hazardous waste remediation. 

Environmental evaluation at Superfund sites should 
provide decision makers with information on threats 
to the natural environment associated with 
contaminants or with actions designed to remediate 
the site. Decisions such as those made on Superfund 
sites are necessarily made with varying degrees of 
uncertainty. The environmental evaluation is 
intended to reduce the inevitable uncertainty 
associated with understanding the environmental ef
fects of a site and its remediation, and to give specific 
boundaries to that uncertainty. However, it is 
important to recognize that environmental 
evaluations are not research projects: they are 
not intended to provide absolute proof of dam
age, nor are they designed to answer long-term 
research needs. :.;ot all sites will require 
environmental evaluations. Indeed, many are in in
dustrial areas with little if any wildlife. For those 
sites that do need to be evaluated, the RP:\1 or OSC is 
responsible for determining the \eve~ of effort 
appropriate to the decisions required for each site. 

The purpose of this document is to provide a scientific 
framework for designing studies, at the appropriate 
level of effort, that will evaluate pertinent ecological 
aspects of a site for the Remedial and Removal 
processes. These ecological aspects include 

Living resource5 at or near the site reqUlnng 
protection, 

Effects of the site's contaminants on those 
resources, and 

EfTects of remedial actions 

This manual does not offer detailed descriptions of 
specific field or laboratory methods; these are 

discussed in a companion publication prepared by 
EPA's Office of Research and Development, 
Ecological Assessments of Hazardous Waste Sites· A 
Field and LaboratOrJ Reference Document. The 
Superfund Exposure Assessment Manual describes 
methods for estimating and modeling the fate and 
transport of contaminants in the environment. Other 
information that should be used to supplement this 
manual may be found in these and the other publica
tions listed in Table 1.1. 

The manual is based on the assumption that RP:\ts 
and OSCs will obtain assistance from technical 
specialists as early as possible in the assessment 
process, and is designed to facilitate communication 
between the RPM or OSC and these specialists. 
Support for des1gning and evaluating ecological 
assessments is available from technicnl assistance 
groups in those EPA Regions that have formed them 
In other Regjons, ecologists may be found on the 
staffs of other EPA offices and contractors, or on the 
staffs of other Federal agencies. The roie of these 
specialists is discussed in greater detail in Chapter 4 

1.1 What is Ecological Assessment? 

Although "environmental evaluation'' has beer: :1 

commonly used term for this process, ecological 
assessment is a more precise description of the 
activity, and will be used throughout this manual 

Ecological assessment, as discussed in this manual, is 
a qualitative and/or quantitative appraisal of the 
actual or potential effects o: a hazardous waste 
site on plants and animals other than people and 
domesticated species. It is important to emphasize. 
however, that the health of people and domesticated 
species is inextricably linked tc• the quality of the 
environment shared with other species Information 
from ecological studies may point to new or 
unexpected exposure pathways for human popula
tions, and health assessments may help to identify 
environmental threats 



Table 1.1 Additional EPA Documents to be Consulted 

T1tle Source Referer~ce No. 

Superlund Exposure Assessment Manual (1988) OHtce of Solid Waste and Emergency Response EPA/540/1 ·88/001 

Ecological Assessments of Hazardous Waste S•tes: A F1eld 
and Laboratory Reference Document (1989) 

OHtce of Research and Development- EPA/600/3·89.'013 
Corvallts Env1ronmental Research Laboratory 

Ecolog1cal InformatiOn Resources 01rectory ( 1989) OHtce of lnformat1or. Resource Management In PreparatiOn 

User's Gu1de to the Contract Laboratory Program (1 989) 

Est1mat1ng Tox1c1ty of lndustnal Chem1cals to Aquat1c 
Organ1sms Usmg Structure Act1v1ty Relat1onsh1ps (1988) 

OH1ce of Emergency and Remedtal Response OSWER D1r. 9240.0·1 

OH1ce of Tox1c Substances EPA.'560/6·88i001 

CERCLA Compliance w1th Other Laws Manual (1 988) 

Gu1dance for Conducting Remed1al Investigations and 
Feasibility Studies under CERCLA (lntenm F1nal. 1 988) 

OHice of Solid Waste and Emergency Response EPA/540/6-89/006 

OH1ce of Solid Waste and Emergency Response EPA/540/6-891004 

1.2 Ecological Assessment in the 
Superfund Process 

The Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA), as 
amended by the Superfund Amendments and 
Reauthorization Act of 1986 (SARA), calls upon EPA 
to protect human health and the environment with 
respect to releases or potential releases of con
taminants from abandoned hazardous waste sites. 
The proposed revision of the National Contingency 
Plan (NCP) calls for identification and mitigation of 
the environmental impacts of these sites and the 
selection of remedial actions that are "protective of 
environmental organisms and ecosystems." In addi
tion, numerous Federal and State laws and 
regulations concerning environmental protection are 
potentially "applicable or relevant and appropriate 
requirements" (ARARs). Compliance with these laws 
and regulations may require evaluation of a site's 
ecological effects and the measures needed to miti
gate those effects. The specific legislative and other 
mandates for ecological assessment are discussed in 
Chapter 2 of this manual. 

Ecological assessment may take place before, during 
and after removal and remedia: actions. Removal 
actions, directed by the OSC, are generally taken in 
response to an immediate hazard. When an 
emergency response is under consideration, the 
ecological assessment associated with removal 
actions must be performed quickly. Existing 
information, augmented by any field data that can be 
collected in a short period of time, will be used to: 

Decide if removal is necessary based on ecological 
considerations, 

Predict the ecological effects of removal actions, 
and 

Provide preliminary information to support a 
Remedial Investigation if one is needed. 
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Ecological data should also be gathered before and 
during remedial action, under the direction of the 
RPM. These data will be used to: 

Determine the appropriate level of detail for the 
ecological assessment, 

Decide if remedial action 1s necessary based on 
ecological considerations, 

Evaluate the potential ecological effects of the 
remedial action itself, 

Provide information necessary for mitigation of 
the threat, and 

Design monitoring strategies for assessing the 
progress and eiTecti veness of remediation. 

A detailed assessment may be required to determine 
whether or not the potential ecological effects of the 
contaminants at a site warrant remedial action. 
Although human hea1tC: is frequently the major 
concern, the ecological assessment mav serve to ex
pand the scope of the investigation, ~nlarging the 
area under consideration, or redefi.ning remediation 
criteria, or both. Therefore, when appropriate, the 
Scope of \Vork for the Remedial Inves
tigation/Feasibility Study (RifFS) snould be written 
to incorporate ecological investigations as early as 
possible in the process. 

The RP:\1 also evaluates the alternatives outlined in 
the Rl!FS to determine whether the proposed 
remedial action itself will have anv deleterious 
environmental e!Tects For example, if dredging is 
included as part of a remedial altc:-native. the effects 
of the dredging on aquatic organi,o:ns living on or in 
the sediments will verv likelv ne'C'd to be cor.sidered 
If a remediation plan -propos-es channeling a stream 
into a new drainage area, the downstream effects on 
wetlands may require investigation 



Finally, ecological assessment may suggest 
strategies for monitoring the progress and 
effectiveness of remediation at or near a site. For 
example, toxicity tests of soils, sediments, and water 
have been used to supplement chemical residue data 
in establishing cleanup criteria. On-site toxicity tests 
may be more sensitive to low levels of contaminants 
than other monitoring methods, and may indicate 
toxicity of mixtures of contaminants more readily 
than single-chemical criteria. 

Environmental evaluation and human health 
evaluation are parallel activities in the evaluation of 
hazardous waste sites. As Figure 1.1 illustrates, 
much of the data and analyses relating to the nature, 
fate, and transport of a site's contaminants will be 
used for both evaluations. At each point of these 
common stages, however, analysts should be 
sensitive to the possibility that certain contaminants 
and exposure pathways may be more important for 
the environmental evaluation than for the health 
evaluation, or vice versa. It is also important to 
recognize that each of the two evaluations can 
sometimes make use of the other's information. For 
example, the potential of a contaminant to 
bioaccumulate may be estimated for a health 
evaluation but be useful for the environmental 
evaluation. Similarly, measurement of contaminant 
levels in sport and commercial species for an environ
mental evaluation may yield useful information for 
the health evaluation. 

1.3 Who Should Read this Manual? 

This manual is designed for use by Remedial Project 
:\-tanagers and On Scene Coordinators. The following 
may also fine thE: manual useful for understanding 
the ecological assessment process as it relates to 
Superfund sites: 

EPA Regional Office managers of RPM.s or 
OSCs, 

State hazarci:>L:S waste officials who wish to 
unciertake ecological assessments of their 
owr .. 

EPA contractors and others who may perform 
ecological assessments, 

Ecologists who have no past experience with 
Superfu:-,d ecological assessmen~s. and 

Potentially responsible parties (if they are 
performing the work at the site) 

1.4 Organization of the Manual 

This manual is intended to address the following 
questior.s: 
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How does ecological assessment help EPA 
meet its statutory responsibilities? 

What is the underlying scientific basis for 
ecological assessment? 

How should the RPM or OSC use technical 
specialists 1n managing ecological 
assessments? 

What kinds of data are necessary for 
ecological assessments? 

The chapters following this ir.troduction are 

Chapter 2: Statutory and Regulatory Basis 
of Ecological Assessment, 

Chapter 3: Basic Concepts for Ecological 
Assessment, 

Chapter 4: The Role of Technical Specialists 
in Ecological Assessment, 

Chapter 5: Planning an Ecological Assess
ment, and 

Chapter 6: Organization and Presentation of 
an Ecological Assessment 

As Figure 1.2 illustrates, Chapters 2 through 4 
provide introductions to different aspects of the 
ecological assessment process. Chapters 5 and 6 ther. 
provide more specific guidance on the information 
needed in an ecological assessment. 

Chapter 2 describes the authority provided by 
CERCLA (as amended by SARA), requirement:: 
contained in the ~ational Contingency Plan, and 
references to ecological assessment in the RifFS and 
Removal Guidances. The chapter also discusses 
Feaeral standards, requirements, criteria, or 
limitations that are potential ARARs 

Chapter 3 describes the basic scientific concept~ 
underlying ecological assessment. It is ir.tended teo 

assist the RPM or OSC in working with the ecologists 
who will provide technical advice or perform the 
studies, by describing the concep~ual framework 
within which these specialists make their judgments. 
This chapter defines numerous terms that are used 
later in the manual. Readers who are familiar wit!-: 
the concepts and terminology of ecology and 
environmental chemistry may choose to skim tb.is 
chapter or skip it entirely. 

Chapter 4 details the role of technical specialists in 
ecological assessment. Their primary function i:: to 
assist the RPM and the OSC in directing the 
collection and evaluation of information on ecological 
effects. They may serve as advisers or may actual]_\ 
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Figure 1.1 Relationship between health and environmental evaluations. 

perform the ecological assessment under the direc
tion of the RP~ or the OSC. 

Chapter 5 discusses the process of developing an 
appropriate study design for assessment of a site, 
including evaluation of contaminants of concern, site 
characteristics, and ecological assessment endpoints. 
In addition to specifying study objectives, this phase 
must also address quality assurance and quality con
trol (QlVQC) issues associated with the assessment. 

Chapter 6 describes a basic outline for an as
sessment. Although each site's assessment will differ 
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according to the details of the contaminants, 
exposure routes, potentially affected habitats, and 
species, this chapter provides a checklist of items for 
the RPM or OSC to expect when overseeing the 
preparation of an assessment. For any individual 
site, expansion of the topics here may be needed, with 
appropriate explanations. 

This manual is an introduction to a complex subject 
Assessment of an actual site requires a detailed 
knowledge of the habitats and species that are 
potentially exposed, the activity and movement of 
contaminants in the environment, and the sampling 



and analytical methods needed to make scientifically 
defensible judgments. Use of this manual will 
provide a basis for the successful management of 
such assessments. 

Chapter 2: Chapter3: 
Statutory and 

Regulatory Basis 
Basic Principles 

l 

Figure 1.2 Logical organization of this manual. 
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Chapter 2 

Statutory and Regulatory Basis of Ecological Assessment 

Ecological assessment of hazardous waste sites is an 
essential element in determining overall risk and 
protecting public health, welfare, and the 
environment. The Agency considers ecological factors 
in assessing hazards and in reviewing alternative 
remedial actions because 

Through the authority found in CERCLA (as 
amended by SARA) and other statutes, the 
Agency seeks to protect wild I ife, fisheries, 
endangered and threatened species, and valued 
habitats. 

From a scientific viewpoint, the Agency needs to 
examine ecological effects and routes of exposure 
so that (a) important impacts and transport 
pathways are not overlooked, and (b) reasonable 
estimates are made of health and environmental 
effects. 

This chapter describes the statutory and regulatory 
framework underlying ecological assessment. 
Certain provisions of CERCLA and SARA are 
especially important in this regard 

The statutes require that remedial actions 
selected for a site be sufficient to protect human 
health and the environment. 

Compliance with applicable or relevant and 
appropriate requirements (ARARs) entails 
consideration of numerous Federal and State 
laws and regulations concernin~ natural resource 
preservation and protection when evaluating 
possible r~?sponse actions 

SARA calls upon EPA to notify Federal natural 
resource trustees of negotiations with potentially 
responsible parties and to encourage trustees' 
participation ir. the negotiations if a release or 
threatened release r:;J.y result in damages to 
protected natura I resources. 

The chapter begins with a discussion of the authority 
provided in the amended CERCLA for conducting 
ecological assessments. Section 2.2 describes the 
implementation of CERCLA as outlined in the 
proposed revisjons to the I\ ational Contingency Plan 
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Guidance documents for removal actions and the 
RifFS process are discussed in Sections 2.3 and 2.4. 
respectively. A wide array of potential ARARs is the 
subject of Section 2.5. It is important to note. 
however, that this section is not intended to be an 
exhaustive survey of potential ARARs: the RP~I or 
OSC will need to ascertain the specific Federal and 
State requirements that apply to each site, depending 
on the contaminants of concern and the 
characteristics of the site. 

2.1 CERCLA!SARA Authorities 

The Comprehensive Environmental Response, 
Compensation and Liability Act, as amended by the 
Superfund Amendments and Reauthorizatior. Act of 
1986, requires EPA to ensure the protection of the 
environment in (1) selection of remedial alternatives 
and (2) assessment of the degree of cleanup 
necessary. Several sections of CERCLA make 
reference to protection of health and the environment 
as parts of a whole. Section 105(a)(2) calls for 
methods to evaluate and remedy "any releases or 
threats of releases ... which pose substantial danger 
to the public health or the environment" Section 
12l(b )( 1) requires selection of remedial actions that 
are "protective of human health and the 
em·ironment." Section 121\c) calls for "assurance 
that human health and the environment continue to 
be protected" And Section 12l(d) directs EPA tL1 
attain a degree of cleanup "whid: assures protection 
of human health anc the environment" 

CERCLA Section 1 04(b)(2) calls upon EPA to notih 
the appropriate Federal and State natura: resource 
trustees promptly about potential can~ers to 
protected resources. The Federal nJ.:u:a; resource 
trustees include: 

The C.S. Fish and Wildlife Service (CSFWSi, tht 
:.:ational Park Sen·ice (:.:PSi. and tr.L' Bt.:reau oi' 
Land ~lanagement (BL:\1) of the Dep:u:r:~.:nt of 
the Interior~ 

The ~ational Oceanic and Atmospheric 
Administration (~OAAl of the C.S Departmen: 
of Commerce: and 



The C .S Department of Agriculture Forest 
Service. 

State agencies and Indian tribes are also designated 
trustees for natural resources under their 
jurisdiction. Section 122(j) of the amended CERCLA 
requires the Agency to notify the Federal natural 
resource trustees of any negotiations regarding the 
release of hazardous substances that may have 
resulted in natural resource damage. Section 
122(j)( 1) also calls upon EPA to encourage Federal 
natural resource trustees to participate in 
negotiations with potentially responsible parties 
(PRPs). If EPA seeks to settle with a PRP by signing 
a covenant not to sue, the Federal natural resource 
trustee must agree to this covenant in writing. 
Section 122(j) (2) states that: 

The Federal natural resource trustee may agree 
to such a covenant if the potentially responsible 
party agrees to undertake appropriate actions 
necessary to protect and restore the natural 
resources damaged by such release or threatened 
release of hazardous substances. 

The ecological assessment directed by the OSC or 
RPM should not be confused with the Preliminarv 
Natural Resource Survey (PNRS) or the Natur~l 
Resource Damage Assessment (NRDA), which 
are performed by natural resource trustees. PNRSs 
are simple screening studies, based on readily 
available information, that may be conducted by 
trustees to determine whether or not (a) trustee 
resources may have been affected, and (b) further 
attention to trustee resources is warranted at a 
particular site. The :\'"RDA may be conducted by one 
or more trustees if a response action will not 
sufficiently restore or protect natural resources 
damaged by a release The purpose of the .\"RDA is to 
determine the appropriate level of compensation from 
a responsible party. Data collected in an ecological 
assessment rr.ay prove helpful to the trustees i:-~ 
carrying out their responsibilities. lt is important to 
encourage the natural resource trustee to participate 
in the Superfund process at the earliest possibl( 
stage. In this way, the trustee can be assured that. 
any potential environmental concerns are addressee. 
and conclusion of actions rna~· be expedited 

2.2 The National Contingency Plan 

As required by SARA Section 105, EPA has revised 
the .\"ational Contingency Plan C\CP) 1 , which 
provides for efTecti ve response to discharges of oil and 

1 USEPA, 1\Jattonai 0:. anc Hazardous Substances Pollut·on 
Cont:ngenc-, Plar. 40 CFR Pan 300. EPA Proposeo Rev1s1ons tc 
tne NCP ai 53 Fed. Reg. 51395 (Proposed Rule. December 21, 
1988). AI! references tc the "prooosed NCP" m th1s manual are to 
th1s prooose::; rule. OJota:1ons lrom the NCP used m \h1s sect1on 
are from the Preamble. 
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releases of hazardous substances. Section 300.120 of 
the proposed NCP charges the site-specific OSC or 
RPM with (1) identifying potential impacts on public 
health, welfare, and the environment, and (2) setting 
priorities for this protection. 

Like CERCLA, the proposed :\'CP refers throughout 
to health and environment as aspects of the 
evaluation and remediation processes. For example, 
in discussing the baseline risk assessment in a 
Remedial Investigation, the purpose is defined as 
determining "whether the site poses a current or 
potential risk to human health and the environment 
in the absence of any remedial action." The exposure 
assessment in the RI "is conducted to identify the 
magnitude of actual or potential human or 
environmental exposures ... " The toxicity 
assessment "considers ... the types of adverse health 
or environmental effects associated with chemicai 
exposures." In addition, the proposed NCP states that 
"Superfund remedies wi 11 . . be protective of 
environmental organisms and ecosystems." 

Sections 300.175 and 300.180 of the proposed NCP 
direct the RPM or OSC to coordinate with other 
Federal and State agencies. l'SFWS and NOAA are 
specifically cited with respect to endangered or 
threatened species. Under Section 300.430, the RP:\1 
or OSC is to notify affected land management 
agencies and natural resource trustees regardinf any 
release or discharge that affects natural resource~ 
under their j·1risdiction. According to the proposed 
:\'CP. "when trustees are notified of or discover 
possible damage to natural resources, they may 
conduct a preliminary survey of the area to 
determine if natural resources under their trust are 
affected." The document adds an importan: proviso 

Although a trustee may be responsible for certc.ir. 
natural resources affected or potentially affcctec 
by a rc:iease, it is important that only one pers·J:_ 
(i.e., ~he lead agency OSC ur RP.:'vl) manage 
activities at the site o: a release or potentic.1 
release The OSC or RPM shall coordina~e 
restJonsibilities for CERC:..,A section 1 0~ 
assessments, investibations, and planning, 
inc.~..:ding Federal tn.:stees' participation ir: 
nef?otiations with PRPs as provided in CERCLA 
section 122(j)(l). Close communication anc 
coordination between OSCs/RP.:'vls and trustees i,o 
essential 

1: after the remedial action is completed, ar.\ 
h<:.::ardous substances rer:-,ain on a site "above ieve;s 
that allow for unlimited U-"e and unrestricted 
exposure for human and environmental receptors," 
the proposed I'CP would require the lead Agency to 
review the remedial action every five years to ensure 
that the environment continues to be protectec. 



2.3 Removal Action Guidance 

The Guidance covering removal actions calls upon 
the OSC to consider threats to the environment in 
addition to public health when preparing the Action 
Memorandum required for all removals.2 For 
example, in discussing the role of the National 
Response Team (NRT), the Guidance states that the 
NRT "should be activated as an emergency response 
team if [a) release ... [i)nvolves significant 
population threat or national policy issues ... or 
substantial threats to natural resources. "3 In the 
section on determining the need for and urgency of a 
removal, the manual specifies: 

At any release, regardless of whether the site is 
on the NPL, where the OSC determines that 
there is a threat to public health, welfare or the 
environment, ... the OSC may take any 
appropriate action to abate, minimize, stabilize, 
mitigate or eliminate the a-ctual or potential 
release and the resulting threat.• 

For those incidents not categorized as "classic 
emergencies," the Guidance indicates that "the OSC 
should conduct more extensive data collection and 
analysis to document more completely the actual or 
potential health and environmental threat." As an 
example, the manual calls on the OSC to "make a 
concerted effort to use existing environmental and 
health standards as triggers for initiating response 
and as guidelines in determining response actions."~ 

In describing the contents of the preliminary 
assessment, the Guidance points out that "the OSC 
must incorporate any special procedures or technical 
criteria EPA has established for a variety of special, 
complex cases," which include floodplains and 
wetlands.6 Among the determinations that need to be 
made at the conclusion of the preliminary 
assessment, the Guidance includes the following: 

If the OSC determines that natural resources 
have been or are likely to be damaged, the OSC 
should ensure that the trustees of the affected 
natural resources are notified in order that they 
may initiate appropriate actions' .... 

The Guidance devotes a section to removal actions in 
floodplains and wetlands, pointing out that such 
actions "should be consistent to the extent practicable 
with Federal policy and procedures for the protection 

2Suoerfund Removal Process (OSWER 01rect1ve 9360.0·038). 
EPA Off1ce of Emergency anc Remed1al Response. February 1988. 

3 lb1d .. p. 111-10. 

4 lb1d. p. 111·14. 

5 lb1d, p. 111·15 

6 lb1d .. p. 111·11. 

7 lb1d .. p. 111·12. 
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of floodplains and wetlands." Descriptions and 
references for the specific regulations are given in 
Section 2.5, below. Under the policy established by 
the Office of Emergency and Remedial Response, 
specific actions are required of the OSC: 

"[As] part of the preliminary assessment, 
determine whether the release is in, near or 
affecting a floodplain or wetland." 

If "the release is in proximity to or has the 
potential to affect a floodplain or wetland," 
evaluate 

"Possible impact of proposed response 
actions on the floodplain/wetland," 

"Alternate response actions ... ," and 

"Measures to minimize potential adverse 
impacts." 

"[D)ocument the results of this evaluation in the 
Action Memorandum." 

"[E)nsure that the implementation of approved 
response actions minimizes adverse impacts on 
the floodplain/wetland. "s 

The Guidance also makes specific reference to envi
ronmental threats in the Appendices describing the 
Action Memorandum. For example, demonstration of 
actual or potential "catastrophic environmental 
damage" may be cited as the reason for activating an 
OSC's $50,000 ·authority in a time-critical removaL 
In describing the characteristics of an incident, the 
OSC is asked to demonstrate "that the incident 
already has posed or imminently will pose an 
imminent and significant danger to the public or to 
the environment." One .way of demonstrating this is 
to show "proximity to ... significant natural 
resources." The Guidance goes on to ask several key 
question!' whose answers will help determine if the 
incident is time-critical: 

Are there confirmed reports of injuries to natural 
resources or injuries to or deaths of i1ora and 
fauna? Are more anticipated? How sensitive/ 
critical are these resources (e.g., protected 
wildlife refuge)? Is there catastrophic environ
mental damage? 

Even if the incident does not appear to be time
critical, the Guidance cautions the OSC that "[s]ome 
environmental threats are not urgent, but 
nevertheless are significant." To aid in 
demonstrating that failure to respond "will create an 

8 lb1d., pp. IV·12 and IV·13 



unacceptable impact on natural resources and the 
environment," the Guidance poses these questions: 

"What additional information (beyond that 
requested in the time-critical screen) documents 
the threat to the environment (e.g., monitoring or 
other data verifying injury to or destruction of 
natural resources, critical habitats)?" 

"What are the known short- and long-term effects 
that are likely if there is no response or response 
is delayed? When is that threat likely to manifest 
itself?"9 

For removals that will take less than 12 months and 
cost less than $2 million, Appendix 6 of the Guidance 
provides a model Action Memorandum to assist the 
OSC in meeting the requirements of CERCLA and 
the proposed ;-..;cP. Under the heading "Site 
Description," the model reminds the OSC to describe 
"areas adjacent to the incident or site in terms of 
vulnerable or sensitive populations, habitats and 
natural resources." The se.ction goes on to cite 
sensitive areas such as wetlands, floodplains, 
"sensitive ecosystems," or wild and scenic rivers. 
Under the heading "Threats to the Environment," 
the model calls upon the OSC to: 

List all the current and potential threats ... that 
adversely affect the environment (e.g., damage to 
ecosystem, animals, ground water). Identify any 
natural resource or environmental damage that 
already has occurred and the extent of exposure 
(e.g., acute or chronic). Indicate whether there 
have been reports of deaths of flora or fauna (e.g., 
fish kills) .... Discuss potential damage to the 
environment and indicate a time frame within 
which damage will occur if response actions are 
not taken. 

Discuss all actual or potential impacts on the 
• affected area. Describe any anticipated exposure 

and whether it is imminent. Indicate whether the 
release threatens endangered species, critical 
wetlands, or other resources protected under law. 
State whether natural resources trustees have 
been notified. 10 

2.4 Remedial Investigation and 
Feasibility Study (RI!FS) Guidance 

Remedial Project ~tanagers are responsible for all 
phases of the remedial process, including but not 
limited to the RifFS. Ecological assessment of 
appropriate detail may be conducted at any of these 
phases. The nature, extent, and level of detail of the 
ecological assessment will be determined according 

lb1d .. .A.ooend1x 5. pp 3·5. 

10. lb•d .. Appendix 6. pp. 6·7. 
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to the phase of the remedial process, the specific 
study objectives, and the characteristics of the site 
and its contaminants. These decisions should be 
made in close consultation with technical advisers, as 
discussed in Chapter 4. 

This Section focuses on ecological components of the 
Rl/FS process as outlined in EPA's Rl/FS Guidance.ll 
In the scoping phase, the RPM develops a project plan 
to define the problem and identify solutions. Among 
the activities at this stage are 

collecting and analyzing existing data to develop 
a conceptual model that can be used to assess 
both the nature and the extent of contamination 
and to identify potential exposure pathways and 
potential human health and/or environmental 
receptors.12 

As part of the collection and analysis of existing data, 
the Guidance s~cifically mentions "evidence of ... 
biotic contamination," identification of "biotic 
migration pathways," information on ecology of the 
area, and data on "environmental receptors." The 
Guidance further states: 

Existing information describing the common 
flora and fauna of the site and surrounding areas 
should be collected. The location of any 
threatened, endangered, or rare species, sensitive 
environmental areas, or critical habitats on or 
near the site should be identified.t3 

A limited field inv~stigation may be undertaken in 
this phase of the RI!FS process. The Guidance 
includes a preliminary "ecological reconnaissance" in 
the list of possible components of this field 
investigation. 

The project planning stage is also the time for the 
RPM to begin preliminary identification of ARARs 
and To Be Considered (TBC) information. The 
Guidance points out that some requirements "may 
set restrictions on activities within specific locations 
such as floodplains or wetlands. "t4 

Characterized as the most important part of the 
scop!ng process, the identification of data needs 
includes determining the information required to 
"define source areas of contamination, the potential 
pathways of migration, and the potential receptors 
and associated exposure pathways." The objective is 

11 Gu1dance for Conduct1ng Remed1al lnvest1gat10ns a~d 
Feasibility Stud1es under CERCLA (lntenm Fmal) OSWcR 
D1recuve 9355.3·01. EPA OH1ce of Emergency and Remed•a; 
Response. October 1988. 

12 Ibid., p. 2·2. 

13 1Did.,p.2·7. 

14 lb1d., p. 2·13. 



to determine "whether, or to what extent, a threat to 
human health or the environment exists.":5 

The culmination of the project planning stage is the 
preparation of the Work Plan and the Sampling and 
Analysis Plan (SAP). The Work Plan includes a 
preliminary evaluation of (a) potential pathways of 
contaminant migration and (b) public health and 
environmental impacts. The SAP is a key step in the 
assessment process, because it defines what data are 
to be sought, why the data are needed, where and how 
the data will be collected, and how the data will be 
analyzed and interpreted. Equally important, the 
SAP Sp€cifies the data quality objectives and quality 
assurance plan for the study, indicating the levels of 
precision and accuracy that are expected in data 
collection and analysis, and describing how the 
expected precision and accuracy will be maintained. 

It is at this stage that data collection for ecological 
assessmen~ should be planned, including field 
surveys, toxicity testing, bioaccumulation studies, 
and sampling to determine the extent of 
contaminationi6 As with other aspects of the SAP, 
ti1e planning process for ecological assessment may 
be iterative: that is, analysis of early data may 
indicate that the sampling and analysis need 
revision. This may entail expanding the area to be 
sampled or planning new toxicity tests. It may also 
point to a reduction in effort if anticipated results fail 
to materialize. 

In describing the baseline risk assessment for the RI, 
the Rl!FS Guidance makes frequent reference to the 
ecologicz.l side of the assessment. The baseline risk 
z.ssessment is intended to "provide an evaluation of 
the potential threat to human health and the 
er,\·ironment in the absence of any remedial action." 
The process includes among its tasks the 
identification and characterization of (a) levels of 
contamination in relevant media, including biota, 
anc (b) "potential human and environmental 
receptors." The toxicity assessment component 
"cor.siders . the type:: of adverse health or 
environmental effects associ<:ted with individual and 
multirie chemical exposures" The risk 
characterization component entails estimating 
"carcinogenic risks, noncarcinogenic risks, and 
environmental risks."~7 The Guidance specifies 
further: 

Characterization of the environmental risks 
involves identifying the potential exposures to 
the surroundin!; ecological receptors and 

- lbiC. p. 2-14. 

16 See EPA'ORD. Ecorog,ca.' Assessment~ of Hazardous Waste 
S1tes A Fteia ana Laborarory· Refe,encE: Document 
(EPA/600'3-891013) fer spec1f:c 1nlormat1on or f1ela and 
lath>ratory methods. 

17 Ibid . pp. 3-35 through 3-43. 
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evaluating the potential effects associated with 
such exposure(s). Important factors to consider 
include disruptive effects to populations (both 
plant and animal) and the extent of 
perturbations to the ecological community. :s 

The Feasibility Study involves screening of 
remediation alternatives for their effectiveness, 
including their "potential impacts to human health 
and the environment during the construction and 
implementation phase"I9 Alternatives are expected 
to be evaluated during the screening process "tc 
ensure that they protect human health and the 
environment from each potential pathway of 
concern. "2o 

2.5 CERCLA Compliance with other 
Environmental Statutes ( ARARs) 

Section 121(d)(2)(A) of CERCLA requires that the 
Superfund remedial action meet Federal and State 
s~andards, requirements, criteria, or limitations that 
are "applicable or relevant and appropriate 
requirements" (ARARsl. The OSC or RP:\1 is 
responsible for identifying potential ARARs for each 
site. 

The RPM or OSC should use the EPA ARARs 
Manual2I to assist in identifying potential ARARs on 
a case-by-case basis. Some of the Federal 
environmental statutes and regulations that may be 
ARARs for a particular site include: 

The Resource Conservation and Recover_v Act of 
1976, as Amended. RCRA requirements for 
ground-water protection, surface impoundments, 
waste piles, underground storage tanks, and 
surface treatment are all considered to be 
potentially applicable for both human health and 
protection of the environment at sites that 
contain RCRA-listed or characteristic wastes and 
where waste management activities took piace 
after the effective date of the relevant RCR:\ 
Subti tie. The RP:\1 or OSC should cons u It wit r. 
tne appropriate Regional RCEA staff to :::~:i-;.e 
this determination 

The Federal WatFr Pollution Control Act. a.'· 
Amended. This law, also known as the Clean 
Water Act, includes numerous sections that may 
pertain to remediation of Superfund sites The 
OSC or RPM should consult the ARARs l\1anual 
for a detailed discussion of relevant sectiom 

·~ lbiO. p 3-42 

19 Ibid .. p 4-24 

2C \biG , p 4-30. 

21 CERCLA Compliance Wt!r Other Laws Manua,, (0SWER 
D1rect!ve 9234.1-011 EP~. Office of Emergency and Re'nedial 
Response. Draft Augus: E 1986 



Section 404, which requires protection of 
wetlands, is of special importance for 
environmental evaluation of Superfund sites. 

The Clean A.ir Act of 1970, as Amended. Cnder 
the CAA, EPA has established National Ambient 
Air Quality Standards for key pollutants. In the 
development of these standards, the Agency 
prepares Air Quality Criteria documents that 
investigate various effects of exposure to the 
subject pollutants, including those that occur on 
vegetation. These criteria documents and the 
standards developed from them may help 
establish remediation criteria where airborne 
exposure is possible. In addition, EPA has 
established limitations for numerou:: chemicals 
in its ?\ational Emission Standards for 
Hazardous Air Pollutants and the !'i ew Source 
Performance Standards. The OSC or RPM may 
wish to determine the utility of these standards 
for the protection of natural resources from 
airborne exposure to contaminants. 

The Toxic Substances Control Act of 1976. Section 
2601 (b) of the Toxic Substances Control Act 
states the policy of the United States that " ... 
adequate data should be developed with respect 
to the effect of chemical substances and mixtures 
on health and the environment . . ." Data 
collected under TSCA concerning ecological 
e:fects may prove useful in determining 
protective levels of contaminants. The OSC or 
RP).! should refer to the ARARs Manual for other 
information on applicability ofTSCA. 

The Federal Insecticide, Fungicide and 
Rodenttcid< Act of 1947, as Amended. FIFRA 
requires t!:.a: all pesticides be registered with 
EPA. To oD:ain registration, manufacturers must 
supply EPA with certain data concerning 
environme:1ta! fate and transport, health effects, 
and ecologic;:.l effects EPA's Office of Pesticide 
Programs 1.0PPJ has issued Registration 
Standards, which summarize the Agency's 
assessme:1t of :;~any pesticidr active ingredients. 
some of wnich are found at Superfund sites. The 
analyses contained in these documents may 
assist in the evaluation of hazards anci in 
dete:-mining protective levels of contaminants 
OPP's regulato;y positions on the continued 
registration of individual pesticides may also 
provide f:uidance on controlling environmental 
haza:-cs 

E r..dc r~gercd S pecics Act o,' 1973. as Reauthori.:ed 
u: 1 ::'.'·~ Section 7 of the Act requires Federal 
a£;en::ies to ensure that their actions will not 
je,opardize the continued existence ')f any 
endangered or threatened species. The C .S Fish 
and Wildlife Service and the ~ational .:\1arine 
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Fisheries Service have primary responsibility fo; 
this Act. 

Fish and Wildlife Conservation Act of 1980. 
Section 2903 requires States to identify 
significant habitats and develop conservation 
plans for these areas. Although it is unlikely that 
a Superfund site would be located in one of these 
significant habitats, the RPM should confirm this 
with the responsible State agency. 

Marine Protection, Research and Sanctuaries Act 
of 1972. Section 1401 declares the U.S. policy of 
regulating dumping to " ... prevent or strictly 
limit the dumping into ocean waters of any 
material which would adverselv affect human 
health, welfare, or amenities .or the marine 
environment, ecological sy~:ems, or economic 
potentialities." This legislation may be relevant 
for cleanup and removal actions at or near the 
ocean. 

Coastal Zone Management Act of 1972. This 
legislation is designed to (a) encourage States to 
develop managernen t plans to protect and 
preserve the coastal zone, and (b) ensure that 
Federal actions are consistent with these 
management plans. The RPM or OSC would need 
to obtain these management plans if remedial or 
removal actions will take place in the coastal 
zone. 

Wild and Scenic Rivers Act of 1972. Section 2171 
declares that certain rivers ". . posses::: 
outstanding remarkable scenic, recreational, 
geologic, fish and wildlife, historic, cultural, or 
other similar valut:" and should be preserved. If 
remedial or remo\·;.d action is taking place at or 
near a river, the RPM or OSC should c:ietermi:1e 
whether it has been designated as "wild and 
scenic," and whether there are ar.y action-specific 
ARARs regarding the si:t· or it;:: contaminants. 
The :'\ational Park Service has primary 
responsibility for this Ac:.. 

Fish and Wildlife Coordination Act, as Amer,deC: 
in 1965. Section 662(a) states that the Fish and 
Wildlife Service must be consulted when bodies of 
water are diverted or modified by another 
Federal Agency. The facility is to be constructed 
"with a view to the conservation of wildlife 
resources by prevention of loss, or damage to sucn 
resources as well as provicing for the 
development and improvement thereof. "The 
RP:\1 should consult with l'SFWS or :'\OAA if 
remedia~ action entails altering streams or 
wetlands. 

The Migratory Bird Treaty A. ct of 19 72 
implements many treaties involving migratory 
birds. This statute protects almost all species of 



native birds in the C.S. from unregulated "take," 
which can include poisoning at hazardous waste 
sites. The Act is a primary tool of the C.S. Fish 
and Wildlife Service and other Federal agencies 
in managing migratory birds. 

The Marine Mammal Protection Act of 1972. This 
law protects all marine mammals, some but not 
all of which are endangered species. The :S ational 
Oceanic and Atmospheric Administration has 
primary responsibility for this Act. The Fish and 
Wildlife Service also has responsibility for some 
species. 

Under the authority of the Clean Water Act, EPA 
develops Federal Water Quality Criteria (FWQCs), 
including criteria for protection of aquatic life. In 
1987, EPA's Office of Water Regulations and 
Standards revised and published its Quality Criteria 
for Water, 1986. For each of more than 120 inorganic 
and organic compounds, this publication contains 
numerical Ambient Water Quality Criteria for the 
protection of fresh and salt water plants and animals 
and their habitats, covering both acute and chronic 
exposure The proposed I\CP describes the FWQCs 
as: 

. . nonenforceable guidelines used by the States 
to set Water Quality S~andards (WQSl for surface 
water. . . States desigr.ate the use of a given 
water body based on its current and potential use 
and apply the FWQC to set pollutant levels that 
are protecti \·e of that use If a State has 
promulgated a nu:nerical WQS that applies to 
the contaminant and the designated use of the 
surface water at a site, the WQS will generally be 
a ::: p l i cab I e o r r e l e \' an ~ a n d a p p r o p r i a t e f o r 
de:.ermining cleanup levels, rather than a 
FWQC 
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The proposed NCP discusses the difference betwee:J 
use of a FWQC when the water v. ill be usee for 
drinking and when the principal human exposure is 
expected through consumption of fish Separate 
FWQC exist for protection of aquatic life According 
to the proposed NCP: 

A FWQC for protection of aquatic life may be 
relevant and appropriate for a remedy involving 
surface waters (or ground-water discharges to 
surface water) when the designated use requires 
protection of aquatic life or when environmental 
concerns exist at the site. If protection of human 
health and aquatic life are both a concern, the 
more stringent standard should generally be 
applied. 

The proposed NCP sets several criteria for 
determining the relevance and appropriateness o: a 
FWQC. The FWQC should be ''intended to protect the 
uses designated for the water body at the site, or . 
the exposures for which the FWQC are protective are 
likely to occur." The FWQC "must also renect Curren~ 
scientific information." Finally, the relevar.ce and 
appropriateness "depends on the availability of 
standards, such as an MCL [Maximum Contaminant 
Level] or WQS, specific for the constituent and use" 

It is important to stress that the above list of statutes 
is not intended to be exhaustive. In particular, the 
preceding discussion focused only on potentialiy 
applicable Federal laws and regulations. State, loca: . 
and other Federal requirements may also b; 
applicable or relevant and appropriate. For a specific 
site, specific requirements will apply, depending c·:l 
the contaminants of concern, the location of the site. 
and the potentially exposed receptors. Some. all. or 
none of the potential ARARs discussed in this Sec:.io:-: 
may apply. The RPM or OSC should confer with 
appropriate State regulatory au~horities. officiab :r: 
other EPA programs, a:~ci representat:\e~ o:" n~!'.··~ 
Federal agencies in the even: o: u r-.,· e r ~J. i r:: :- o :--. 
possible ARARs 



Chapter 3 

Basic Concepts for Ecological Assessment 

This chapter has three purposes. First, the chapter 
introduces and define~ ideas and terms commonly 
used in ecology. Our intent is to make the RPM or 
OSC aware of the general meaning of these concepts. 
so as to facilitate discussion with the technical 
specialists providing consultation on ecological 
assessment. Second, the chapter discusses the nature 
of contaminants' ecological effects.' Although a 
contaminant may cause illness or death to individual 
organisms, its effects on the structure and function of 
ecological assemblages may be measured in terms 
quite different from those used to describe individual 
effects. Third, the chapter describes some of the 
biological, chemical, and environmental factors that 
influence the ecological effects of contaminants. 

Readers who are familiar with these topics may wish 
to skim this chapter Those who are well versed in 
ecology and environmental chemistry may want to 
skip it entirely 

3.1 Objects of Study in Ecology 

Ecologists generally study three levels of 
o r g a n i z a t i o n · p o p u l a t i o n s , c o m m :In i t i e s , a n d 
ecosystems. (See Figure 3.1.) Each level has its 
characteristic measures of extent, structure, anci 
change 

/\ population 1s a group of organisms of the same 
species. generally occupying a contiguous area, and 
capable of interbreeding. The size and extent of 
populations are most often described in terms of 
density, the number of organisms per unit area. Such 
terms as standing crop or standing stock may be used 
to indicate population size at a particular time 
interval, with the unit area specifted or implied. The 
structure of populations is often expressed in terms of 
the numbers of organisms in different age classes, 
such as eggs, juveniles, and adults Population 
growth and decline are determined by characteristic 
rates of birth. death. immigratio:-,, and emigration, 
all of which are subject to change with environmental 
conditions, including interaction with populations of 
other organisms 

~o species in nature exists in isolation from all 
others Pop'..!lations of difTerent species live together 
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Figure 3.1. Levels o1 organizatiOn o1 matter. 
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in corr.plex associations called communities T!Je 
interactions among populations anc ~ht: chemical anc 
physical constraints of the em·ironmer.\ toge:.her 
determine a community's structure and geog-r;_:phicd 
extent. The structure of a community is defineC. h 
wha: species are present, in what numbers, anc in 
what proportion to each other. It is also described by 
the food web, or trophic structure that i~. whicb. 
species eat which other species. or wh(> produces and 
consumes how much. 



Most communities change seasonally or over longer 
cycles as some species increase or decrease in 
abundance in response to environmental changes 
such as temperature or rainfall cycles. Communities 
also can evolve over longer periods of time in a 
process known as succession. In successional 
change, some species are displaced by others and new 
environmental conditions are created that support 
more species. For example, when a meadow "grows" 
into a forest, annual plants are gradually replaced by 
perennials, shrubs, and trees. Each plant type 
modifies the environment in ways that tend to favor 
the succeeding type. Eventually, tree canopies shade 
much of the area that was once exposed to sunlight, 
and a leaf-litter layer covers soil that was once bare. 
Species diversity - expressed as the number of 
species or the relative abundance of the various 
species in a given area - is often used to characterize 
and compare the structure and evolutionary 
"maturity" of communities. Communities are in 
constant flux as organisms are born, eat and get 
eaten, immigrate and emi?Tate, die and decompose. 
These fluxes are describec as energy and nutrient 
flows through food webs, and are determined by rates 
of primary production (photosynthesis) by plants and 
rates of consumption by herbivores, carnivores, and 
decomposers. 

Just as populations exist only in association with 
others in communities, so too do communities 
interact continuously with the nonliving components 
of the environment in an ecosystem: "A functional 
system of complementary relationships, and transfe; 
and circulation of energy and matter.": The 
ecosystem comprises all the living organisms, their 
remains, and the minerals, chemicals, water, and 
atmosphere on which they depend for sustenance and 
shelter. Living and nonliving components are closely 
linked, each aiTecting the other. For example: 

Soil composition and structure are often 
highly influenced by the organisms tr.at 
inhabit i:., and by the decomposition products 
of organisr.:s after they die 

Geological formations such as coral reefs and 
chalk cliffs are the result of calcium 
deposition by plants and animals over eons; 
they in turn affect the flow of wind anc water, 
and provide habitat for countless other 
orgamsms. 

Ecosystem~ are characterized by many of the sa:ne 
measures as communities: species composition and 
diversity, nutrient and energy flows, and rates of 
production, consumption, and decomposition L'nlike 
community measures, however, ecosystem structure 
and function includes nonliving stores of materials 

1 Eugene P. Oaum. Funcamentals of Ecology, Third Edi\iOn 
(Philadelphia W.B. Saunders Company. 1971 ). 
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and energy along with the animals, plants. and 
microbes that make up the biotic portion of the 
environment. Because it encompasses all of the 
relevant physical and biological relationships 
governing organisms, populations, and communities, 
the ecosystem is generally considered the 
fundamental unit of ecology. 

Energy and matter flow through ecosystems by 
means of complex systems known as food chains 
and food webs. (See Figures 3.2a and 3.2b.) A food 
chain describes the transfer of material and energy 
from one organism to another organism as one eats or 
decomposes the other. Food chains are 
hierarchically arranged into trophic levels: 

Primary producers - green plants 
(including algae and microscopic aquatic 
plants called phytoplankton) - capture solar 
energy through photosynthesis which 
converts carbon dioxide and water into 
carbohydrates, a form of energy storage 
suitable for use by other organisms, 

Primary consumers (herbivores) eat 
plants; 

Secondarv consumers (carnivores) eat 
herbivores: 

Tertiary consumers (top c~rnivores) feed 
on other carnivores; and 

Decomposers- inc: uding certain fungi, and 
bacteria - feed on dead and decaying 
organisms, liberating simple organic 
chemicals and mineral nutrients for recycling 
ir: the ecosystem. 

Food webs are interconnecting fooc chains These 
mc·:-e reai1stically describe the complex 'ysten: r.:· 
pathways by which the flow of matc.er ar.c ene:-[C:· 
takes place in nature. Such pathways do not alw;.:.·:~ 
foliow a strict progression of prod'..lcer to herbivore t•; 

carnivore Some plants die <:::nd are decomposeci 
\\·ithout first being eaten by he:-bivores. l\1any species 
have mixed diets of plant and animal material. 
others change their feeding habits seasonally or have 
different food requirements at different life s~ages 
For example, many bird species that feed primarily 
on seeds during most of the year switch to insects ar.c 
other invertebrates when raisinr young. because the 
higher protein content of the anima! prey increase~ 
the likelihood that the young birds will survive 

3.2 Types of Ecosystems 

The types of ecosystems vary with cdmatic, 
topographical, geological, chemical, and biotic 
factors. On land, they range frorr. Arctic tundras to 
tropical rain forests, sand dunes to mountain tops. 
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deserts to forests, pure stands of evergreens to mixed 
stands of hardwoods. Freshwater ecosystems include 
ponds, lakes, streams and rivers. In the transition 
zones between land and water, wetlands include 
fresh-water and salt marshes, wet meadows, bogs, 
and swamps. Marine ecosystems range from 
estuaries and intertidal zones to the open sea and 
deep ocean trenches. Each ecosystem type has unique 
combinations of physical, chemical, and biological 
characteristics, and thus may respond to 
contamination in its own unique way . .:\'ot only does 
the environment influence the activities of 
organisms, but organisms also influence the 
environment. 

The physical and chemical structure of an ecosystem 
may determine how contaminants affect its resident 
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species, and the biological interactions may 
determine where and how the contaminants move in 
the environment and which species are exposed to 
particular concentrations. For example, 
contaminants in a forested area may be subject to less 
degradation due to sunlight than the same chemicals 
in grassland soils. Chemicals adhering to soi! 
particles are less likely to be washed into streams if 
the soil is well covered with vegetation or 
decomposing leaf litter than if the area is sparsely 
vegetated or bare. 

Terrestrial ecosystems are generally categorized 
according to the vegetation types that dominate the 
plant community. These are the species upon which 
the rest of the community's structure is based - the 
herbivores which feed on the vegetation, the 



Mounta1n L1ons 

(M1croconsumers) 

Figure 3.2b. A greatly simplified terrestrial food web. 

Ter-t1ary 

Consumers 

(Top Carn1vores) 

Secondary 

Consumers 

(Carn1vores) 

Source: I..Jvmg m the Environment. 3/E. by G. Tyle' M1iler. Jr. Copynght (C) 1982 by Wadsworch, Inc. Repnnted by 
perm1ss1on of the publisher. 

carnivores which feed on the herbivores and on each 
other, and the decomposers which feed on the dead 
plant anc animal material and return mineral 
nutrients to the soil for recycling through the food 
web. The vegetation found at a particular site is 
determined by a wide variety of factors, includiClg 
climate, soil type, altitude and slope of the land, and 
current and former uses of the land by people. Two 
very common ecosystem types in the temperate zone 
are deciduous forests and grasslands. 

Temperate deciduous (leaf-shedding) forests are 
found in eastern ~orth America. They have plentiful, 
evenly dispersed rainfall, moderate temperatures, 
and contrasting seasons. The annual leaf fall 
provides habitat for large numbers of insects and 
fungi that feed on the leaf litter, eventually breaking 
it down into organic materials and minerals that 
build up the soil. 

Temperate grasslands cover the interior of l\" orth 
America and Eurasia, southern South America, and 
Australia. They receive moderate amounts of 
rainfall. Tall grasses tend to grow in soil having a 
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high moisture content, while shorter grasses occur ir 
more arid areas. :\umerous grass species have 
developed adaptations to take advantage of seasonal 
variations in climate. One group grows in the cooler 
temperatures of the spring and fall, while another
group thrives in the warmer temperatures o: 
summer. These seasonal shifts in species' growtn 
results in a high annual productivity in grasslands, 
as the growing season for the community as a whole 
is effectively extended to three seasons. This 
productivity has allowed grasslands to support large 
herds of grazing animals, such as bison, but the 
comparatively simple vegetation structure tends to 
support fewer animal species than a forest of similar 
size. The high volume of plant material available for 
decomposition in grasslands creates very different 
soil compositions from those created by forest leaf 
litter Occasional fires contribute to the stability of 
grassL:1ds, as they hinder the growth of competitive 
woody plants. 

Wetlands are areas in which topography and 
hydrology create a zone of transition between 
terrestrial and aquatic environments. The combined 



characteristics of each create conditions of great 
productivity and biological diversity. Because of 
these unique conditions, both fresh-water and marine 
wetlands perform several important ecological 
functions and provide benefits that can be adversely 
affected by contamination. These include: 

Hydrologic benefits such as flood attenuation 
and ground-water recharge; 

Water-quality benefits such as (a) removal 
and cycling of sediments, organic materials, 
and nutrients, and (b) stabilization of banks 
and shorelines and control of erosion: and 

Wildlife benefits such as providing habitat 
and food sources for fish, shellfish, waterfowl 
and other birds, mammals and other 
wildlife.~ 

Contamination may adversely affect wetland 
functions in many ways, depending on the wetland 
type, geographic location, location within a 
watershed, and other factors. For example, a 
contaminated wetland may occur close to a National 
or State park or wildlife management area, or may be 
of a type and in an area that contains endangered 
species. (According to the C .S Fish and Wildlife 
Service, most endangered species in the L:nited 
States are dependent on wetlands.) Ecological 
impacts to wetlands may be either direct, where a 
contaminant has been deposited into a wetland, or 
indirect. where a wetland is in close proximity to a 
contaminant source. 

The type of wetland may by itself be important in 
determining the ecological effects of contamination 
For example, heavy-metal contaminants are more 
likely to impair ecological functions when released 
into an acidic bog than a similar release into the 
nO:a~ivel;; well buffered waters of a salt marsh 
!-:·_ :·.ce. the clc.ssification of wetla:1ds can be used as a 
ScGr:ing point for the evaluation of ecological 
!:-r.pv.c,s.1 General wetland types include freshwater 
deciduous wetlands (dominated hy red maplE· in the 
:\ortneastern C S i. wet meadows (transitional stage 
to terrestria: systems), bogs (acidic peat rich soils 
prevalent in the ~ ortheastern L- S l. bottomland 
hardwood wetlands (dnm:nant in the Southeasterr, 
L' .S J. and coasta I sa! t r.:a :shes 

2 Fo,. rnore 1nrormatton. see LJ S Ftsn ann \t .. ./djltit: Se'\ltCe. Ar' 

Over.r1ew o.' Ma:or We:,anc Func:.or:s arc 'ia•ueo: iFWS·OBS-
84:18), Se;:lec~Der 198.!. 

3 For a more complete reference on class1flcat10n o: we;tanc types. 
see Coward1n, Carter. Gole: and LaRoe. Ciass.f,ca:,or: c' 
Wetlands ar:c Deepwater Hab•:a:~ of the Un::ec States. 
(FWSrOBS-79'31) US Fd·, and W:!d!,te Se'v1ce. Decembe' 
1979 
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Fresh-water ecosystems, though comparatively 
smaller in area than marine and terrestrial habitats. 
are of great significance because they are: 

A major component in the hydrological cycle 
(rivers and streams drain a large percentage 
of the earth's land surface), 

A breeding and rearing habit for wildlife 
speciesofvalue to people, 

A readily accessible and low-cost source of 
water for domestic and industrial use, and 

A valued recreational and aesthetic resource. 

In fresh-water environments, the dynamics of water 
temperature and movement can significantly afTect 
the availability and toxicity of contaminants 

The waters in lakes and ponds have relatively long 
residence times. For example, consider the :\iagara 
River as it flows into Lake Ontario The 1\iagara's 
strong currents move a given molecule of water along 
the 37-mile length of the river in about one day 
However, the same molecule will remain in the lake 
for several years before it flows into the St. Lawrence 
River. A similar molecule will remain in Lake 
Michigan for nearly a century, while another one 
would remain in Lake Superior for 191 years 

In addition, temperate lake ecosystems exhibit strong 
seasonal cycles. In summer, surface waters warm up 
and become thermally stratified - that is. they do 
not mix with the colder bottom waters. (See Figure 
3.3 ) As a result, nutrients released through 
decomposition of animal and plant material tend to 
accumulate in the bottom waters In the fall and 
spring. when these temperature differer,tials 
disappear, the waters in the lake are able to m~x_ 
allowing circulation of accumulated nutrier.ts :\~ 

nutrients are brought up into water that receiH~~ 
sunlight. they become available to aqu2:ic p!c,r,:c::. 
which car. use the nutrients to St.:PP''': 
photosynthesis These plants pro\·ide energy thJt 
sus~ains growth of most other organisms in tne lakL' 
system. At each of these seasonal shifts, the biotic 
communities in the upper waters exnibi: clear 
successional changes in their plar.ktonic 
communities. (Plankton are small plants anci 
animals that Ooat passively, or can swim weakly. ir~ 

the water column.) These annual cycles can alc::,-, 
grea:ly inOuence the availability of contamir,an:,.; 
tn2.t may reside in the lake sediments for pan of trw 
year and be dissolved or suspended in the· wa:c-:
column at other times. Suer. contaminants me.: 
become available to upper-water organisms ciunng 
periods of mixing. 

Rivers and streams are substantialiy diiTeren~ from 
lakes and ponds not only ir. their ob\·ious physical 
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conditions (e.g., moving vs. standing water, low vs. 
high degree of thermal stratification) but also in the 
types of organisms that they can support, especially 
in the numbers of smaller organisms and in the types 
of larger plants and animals. For example, a racing 
brook will have low numbers of plankton (regardless 
of the concentrations of nutrients present) because 
the current rapidly moves them down-stream. In the 
same brook, large plants must be firmly attached to 
rocks or rooted in the sediment, and fish must be 
strong swimmers. In contrast, a lake or pond can 
accumulate high densities of plankton, and lily pads 
and slow-swimming fish can thrive. As a broad 
generality, food chains and food webs in flowing 
waters will have fewer links or trophic levels than 
those in still waters. 

Marine ecosystems are of primary importance 
because of their vast size and critical ecological 
functions, which maintain much of the global 
environment's capacity to sustain life. The sea 
accounts for some 70 percent of the earth's surface 
and supports a wide variety of life forms at all depths, 
especially in the areas bordering continents and 
islands. Oceans are constantly in motion and always 
circulating, which is critical for replenishing 
nutrients and dissolved oxygen vital for marine life. 
The world's oceans have pH values around 8 and 
average salinity of about 35 parts per 1,000. (Fresh 
water averages less than 0.005 parts per 1,000.) 

The continental shelf comprises the submerged 
margins of the land mass. The high concentration 
and diversity of marine life found here is due to a 
high level of nutrients deriving from both land and 
sea bottom. Most of the world's marine fishing 
grounds are on the continental shelf. The 
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characteristics of different types of ecosystems in this 
area can affect the nature and magnitude of the 
ecological risk associated with contaminants. 
Intertidal environments, with their continuous 
cycles of exposure and re-immersion, provide unique 
physical conditions for resident organisms and for 
flow and availability of contaminants. For instance, a 
volatile compound introduced into a rocky intertidal 
zone with considerable wave and tidal action will 
volatilize into the air much more rapidly than the 
same chemical released into a marsh with few waves 
and little tidal action. As another example, crude oil 
spilled onto the rocky, wave-swept coast of France in 
the early 1970s is now difficult if not impossible to 
detect; similar oil spilled about the same time alor.g a 
marsh in Buzzards Bay, Massachusetts, is still 
detectable. Hence, tidal and subtidal ecosystems may 
range from relatively sheltered estuaries, where 
sediment deposition is the major physical conditio:-:. 
to open coasts, where wind and wave exposure are tne 
dominant forces governing the fate of chemicals. 

Estuaries are partly open bodies of water closely 
associated with the sea in coastal zones, including 
river mouths, bays, tidal marshes, or waters behind 
barrier beaches. The mechanics of estuarine systems 
are unique since they are strongly influenced by the 
salt water of tides and the drainage of fresh wa~er 
from land. Tides play an important role in removir.g 
wastes and providing food. With a continual Oow of 
nutrients from upstream and from nearby marine 
environments, estuaries support a multitude of 
diverse communities, and are more productive than 
their marine or freshwater sources. They are also 
especially important as breeding grounds for 
numerous fish, shellfish, and species of birds. 



3.3 Effects of Contam;nants on 
Ecosystems 

The introduction of contaminants into an ecosystem 
can cause direct harm to organisms, or- may 
indirectly affect their ability to survive and 
reproduce. The results of contamination may be 
immediately apparent or may become noticeable only 
after considerable delay. The effects of contaminants 
on ecosystems are due in part to the physical and 
chemical properties of the chemicals themselves, but 
are also mediated by the unique combination of 
physical, chemical, and biological processes occurring 
in each ecosystem. In addition, populations of exposec 
organisms can differ in their response to 
contaminants depending on their natural tolerance 
to the chemical, their behavioral and life-history 
characteristics, the dose to which they are exposed, 
and the exposure time. Furthermore. responses ma.v 
be transient (and therefore reHrsible) or permanent 
(irreversible). 

Ecological assessment seeks to determine the nature, 
magnitude, and transience or permanence of 
observed or expected effects. This must be 
accomplished in an environment that is itself 
changing and causing change in the organisms and 
systems under study. Hence, one critical goal of 
ecological assessment is to reduce the uncertainty 
associated with predicting and measuring adverse 
efTects of a site's contaminants. 

3.3.1 Reduction in Population Size 

Populations change in size through births, deaths, 
immigration, and emigration. Contaminants can 
cause reductions in populations of organisms through 
numerous mechanisms affecting one or more of these 
four processes I\lost obvious are increases in 
mortality due to the exposure of some organisms to 
lethal doses, or decreases in birth rates caused by 
sublethal doses :\1ortality may also increase oecause 
a food source (e.g .. a key prev species 1 has been 
depleted, perhaps hy exposure to the contaminant, or 
bec~..:se the contaminant allows tolerant organisms 
tc> outcompete other species for scarce resources. 
Birth rates can decline not only due to toxic efTects 
but also through reciuction of suitable breeding 
habitat or changes in the availability of high-quality 
food for breeding females Populations may also be 
reduced through increased emigration or decreased 
immigration if organisms can sense and avoid 
contaminants in th2 en,·ironment, or if the 
contaminants' sublethal effects cause a change in 
migratory behavior 

3.3.2 Changes in Community Structure 

Many communities are cor:stantly changing. 
Populations may increase anc decrease with the 
seasons or over longer periods. Predation and 
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competition among species may bring about change;; 
in the relative abundance of various species Chance 
events, such as severe storms, may cause sudden 
increases in mortality of some species and open up 
habitat for others to colonize. Cnderlying all of thi::: 
change, however, is a certain range of possibilitie;; 
that help to define a given community In the absence 
of a major disruption, species composition and 
relative abundance in a community can be expected 
to vary within definable boundaries. perhap~ 
cyclically or perhaps randomly. 

Contaminants introduceci into such systems create 
new boundaries, changing the range of possibilities 
in ways that are not always predictable. Because 
most contaminants of concern exhibit toxic effects. 
they often reduce the number and kinds of specie:; 
that can survive in the habitat. This may result in a 
community dominated by !arge numbers of a few 
species that are tolerant of the contaminar.t, or a 
community in which no species predominate but mo:;t 
of the component populations contain fewer 
organisms. A contaminant need not be directly toxic 
to affect community structure. If, for example, a 
change occurs in the salinity or dissolved oxygen 
content of an aquatic system, the new environmental 
conditions may eliminate some species and !'a vor 
others, creating an entirely new species mix and food 
web. For example, salinity changes in Lake \fichigan 
are changing the species compos;tion of the primary 
producer component of the lake community from on(· 
dominated by green algae and diatoms to one 
composed principally of blue-green algae Eectiuse 
many fish species currently in the lake are ur:ab!e t.n 
feed on the blue-greer: algae, this speoes cr.a:-.ge 
portends significant shifts in other se[.:r:1ent.s o:- the 
lake community. 

Contaminants may cause or induce changes ir-. the 
composition and structure of a biotic communit:. as 2 

secondary effect of the changes in the ~ i ;· • · '' : 
particular populations. These species :7lay bl· ~' ~:<~.lclr 

source of food or shelter for the rest of the comrm.:::;t\. 
such as the large marine piants that f.'"T tilu: ::~::::• 
to California's kelp forests. Other::; rna_\ be cn.:c:,,. :: 
maintaining a babnce of specie:-- ir: a t1a.oitat r:·. f,,: 
example, a key predator:. specie:-- 1::' rt·duced ,,:· 
eliminated, the relative abundance u: prey s;wc:t·~ 
may change significantly lr; studie::: whe:e preciat<)ry 
starfish were removed from a:1 i:1tertidal comr:J'Jr.i:\·. 
the numbe: of spec:es of prey animal::' : bar:1acle,.; ar:d 
shellfish) dropped from f:ftee:1 to eight The starfi:'t: 
was preventing some specie:' from outu•::~petin:: 

others because it preyed on whatever specie>:-: w~l=' 
most abundant. In agricultural i:1sect pe:"t contr<~:. 

the phenomena of pest resurgence ana :--l'Cl':ldJ.r: PL''< 
outbreaks are well knowr .. When an insecticicie K;ll:o 
ofT predatory insects along with the target pes~. the 
pest population sometimes rebounds to much higher 
numbers than before because few predators re:nain t,, 
keep it in check Destruction of the pred~~~or:-- r::;: \ 



also allow populations of other plant-feeding insects 
to increase beyond the limits imposed by the 
predators, thus creating new pest problems. 

3.3.3 Changes In Ecosystem Structure and 
Function 

As contaminants modify the species composition and 
relative abundance of populations in a community, 
the often complex patterns of matter and energy flow 
within the ecosystem may also change. If certain key 
species are reduced or eliminated, this may interrupt 
the flow of energy and nutrients to other species not 
directly experiencing a toxic effect. If plant life is 
adversely affected by a contaminant, the ecosystem 
as a whole may capture less solar energy and thus 
support less animal life. If microbial or invertebrate 
populations are disrupted, decomposition of dead 
plants and animals may not occur rapidly enough to 
supply sufficient mineral nutrients to sustain the 
plant community. 

3.4 Factors Influencing the Ecological 
Effects of Contaminants 

A contaminant entering the environment will cause 
adverse effects if: 

It exists m a form and concentration 
sufficient to cause harm, 

It comes in contact with organisms or 
environmental media with which it can 
interact, and 

The interaction that takes place is 
detrimental to life functions. 

Adverse effects may also occur if a contaminant 
interacts with other chemicals already present such 
as to raise the overall toxicity of the contaminated 
environmen~. The likelihood of harm is thus a 
combined function of chemical, physical. and 
biological factors. depending both on the nature of the 
contaminant and the nature of the environment into 
which it is released 

3.4. 1 Nature of Contamination 

Classification of Chemicals 

Chemical contaminants typically found at hazardous 
waste sites arc classified into groups based on the 
analytical methods used to analyze for the chemicals 
in question The CLP Cscr's Guide• divides the 
contaminants commonly found at Superfund sites 
into two major classifications: inorganic and organic 

4 User's Gu:ae to rhe Contract Laboratory Program. EPA QH,ce o' 
[ADD] (1988) 
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compounds (substances containing the element 
carbon). 

The CLP routine inorganic analytical group is 
subdivided into two categories: heavy metals (lead, 
mercury, etc.) and cyanide. For the metal analysis, 
the OSC or RPM will need to determine whether they 
need "total" metal analysis (sample as collected in 
the field) or "dissolved" metal analysis (sample 
filtered to remove particulate matter).5 A large 
amount of particulates in the sample matrix can 
produce large differences in the analytical results 
between the two analyses. The choice of analytical 
method also may depend on the expected rou tc of 
exposure and the biotic species of concern at a 
particular site. 

The routine organic analyses are subdivided into 
three categories: volatiles (benzene, vinyl chloride, 
etc.), semivolatiles (phenol, naphthalene, etc.), and 
pesticides (DDT. arochlors, etc.). For compounds not 
routinely analyzed for, or for unusual matrices, 
special analytical methods may be requested from the 
CLP. The OSC or RP.:\1: should consult the CLP Cser's 
Guide regarding the availability of special services. 
.1\ew procedures are also being developed in response 
to special requirements at some sites. 

When requesting analytical services, the OSC or 
RPM should take note of any special conditions on the 
site that may make results o! routine analyses 
insufficient for assessment need::-. For examule, it 
may not be possible to detect very low concentrations 
of certain contaminants in a sample matrix that 
contains (a) high concentrations of other 
contaminants or (b) chemicals (interferents) that 
coextract with the contaminants of concern. 

Physical and Chemical Properties 

:.leasurement of key physical/chemical propertie5 o: 
contaminants is useful in ecoio£ical assessmen~ ror 
two mair; reasons. first, these proper:ie~ genera::_,. 
govern the transport and fate of chemicals in 2 

partic1lar environment. Second. for chemicals abou~ 
which little is known, these characteristics can help 
the analyst identify chemical analogues among other 
commor.ly observed compounds that may serve as 
initial predictors of the novel compound's transport 
and fate. 

The Superfund Exposure Assessment Manual (EP .:-.. 
1988), or SEAM, provides a cnmprehensi\e 
discussion of the environmental fate of contamina:< :s 
by medium. Chapter 3 of the SEA:Vl, "Conta:r.in:.1r:: 
Fate Analysis," includes both screening criteri:., anci 
quantitative methods. lntermedia transfers anci 
transforma:ior. are included in sections covering 

5"Filtereo" IS ooeratiO:lally del1ned as tha: wr"cr1 passe~ t~rcugh a 
0 45 J.lrl" !liter 



atmospheric, surface-water, and ground-water fate, 
as well as biotic exposure pathways. In addition, the 
Ecological Information Resources Directory (EPA, 
1989) will contain updated references for some 
parameters, such as bioconcentration factors. 

Frequency of Release 

The ecological effects of a single or occasional release 
are likely to be considerably different from those 
associated with a continuous release. Frequent 
release of a nonpersistent compound may have a 
long-term effect equivalent to a single release of a 
very persistent chemic:1l Occasior.al release may 
temporarily depress an invertebrate population, but 
continuous release may trigger dras~ic shifts in the 
species composition of an ecosystem. These effects 
should be carefully considered when performing 
quantitative exposure analyses as described in the 
SEA:vt. 

Toxic chemicals may enter the environment, or move 
among compartments of the environment, on several 
possible time scales For example, toxic discharges 
from a Superfund site to a waterway may occur: 

Only once (e.g., from a:-. accidental spill), 

Intermittently (e.g., from storms causing 
nonpoint-source runoff of contaminated 
soils), 

Seasonally (e.g., from snowmelt 1n the 
spring), 

Regularly (e.g, from daily activities at the 
site l, or 

Con~inuously (e.s , from f-ound-water 
discharge to the waterway! 

Some oral~ of thec:e types o: rcl··~:~r: may happen at a 
particular site:. and each type o: :elease may cause a 
differ(':it concentration and n:a~~ to enter the 
waterwa\· 

Different species of plants c.nd ;\C:mals may have 
ciiiTerent abilitie:- to withstanci or resist intermittent 
or continuous release~ of toxic chemicals, so it is 
imporL:mt to charactPrizc the sou:-ces in terms of the 
kind of release that is occurring For example, adult:::: 
of a species may withsta:1d a short-term discharge 
that hills all tt1e ju\·enile~. bu; be se\·c·:el_\ a:Tected b:> 
a regular or continuou~ release lf such a differential 
effect were suspected. knowing the nature of the 
discharge might lead to monitoring strategies that 
emphasize ont: life stage or the other. Similarly, 
chronic discharges that allow bioaccumulatior: of 
certain toxicants may cause more lasting damage to 
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certain species than to others Such releases might be 
especially harmful to relatively immobile speci~s 

Toxicity 

Exogenous chemicals in an ecosystem can greatly 
increase the mortality rate of component populations. 
or can change the organisms' ability to survive and 
reproduce in less direct ways, such as: 

Altering developmental rates, metabolic 
processes, physiologic function, or behavior 
patterns: 

Increasing susceptibility to disease, 
parasitism, or predation: 

Disrupting reproductive functions: and 

Causing mutations or otherwise reducing the 
viability of offspring 

In assessing toxicity. the analyst is concerned about 
two aspects. The hazard posed by a contaminant is 
the effect (or endpoint). such as those mentioned 
above, that the chemica} (or mixture of chemicals) 
can cause in the organism. The dose-response 
relationship describes the amount of chemical 
necessary to produce the observed effect. A broad 
array of toxicity tests are available for evaluating the 
effects of contaminants and their dose-response 
relationships These are summarized in the 
compamon volume to this manual and related 
references.6 

The toxicity of a substance is generally described by 
the duration of exposure or the reactions it elicits. 

Acute toxic:cy causes death n: extreme 
ph y s i o 1 o ~ i C! : C. i so r de r s to or g a n i ;:; :-:~ ;:; 
im:-:1ediateiy (·~ :::nortly fnllowing expPc:uH· :,· 
the contarr:inc.r.: 

Chronic toxicity im·oi\·es long-~err:: e~Tect~ ,,:
small dose~ o: a contamin2:·. and t!l•c:r 
cumulative eiTec~s ove~· time ·:·r.ec:e efi'ec·,,: 
may lead to death of the o:£:anism <•r 
d i s r u p t i o r: o : ~ u c h v i t a l f u n c t i o r. :o <: ~ 

reprodunio:. 

Acute or chronic exposure can ha \ r· 1 f'thc.; ,.; 
sublethal effect~ 

Lethal doses c~:.use death directlv ~hfl'Uf:'Jl 

disruption of key physiological fu:tcci·•r: 
Populatior. levels are afft·ctec b: '"''-

E Eco!og,cai Assessmen:s or hazarcous Wc;s:e S-~e:. .~ 

Refe·ence Oocumenr iEDA160J'3·89'013) EPA. Oll·.·e 
Pesearcr. and Develocmen: 1989 



contaminant if the overall mortality rate 1s 
increased. 

Sublethal toxicity entails symptoms other 
than death or severe disorder, but may have 
long-term effects on a population. For 
example, some toxicants at low concen
trations cause a change in the behavior of 
migratory fish, interrupting their natural 
habit of returning to freshwater streams to 
spawn. 

Evaluating the tox1c1ty of a particular substance 
requires careful specification of the endpoints of 
concern, which entails describing: 

The organism tested or observed, 

The nature of the efTect, 

The concentration or dose needed to produce 
the efTect, 

The duration of exposure needed to produce 
the efTect, and 

The environmental conditions under which 
the efTf::cts were observed. 

Ecologists will often use professional judgment to 
select a particular organism as an "indicator species," 
that is, a species thought to be representative of the 
well-being :1nd reproductive success of other species 
in a particular habitat. The indicator species may 
also be cho~en because it is known to be particularly 
sensitive to pollutants or other environmental 
changes. In addition, ecologists will often study some 
1 ife stage of interest in the indicator species, such as: 

Reproduct:ve success as measured by the 
survival of gametes. larvae, or embryos; 

Survival of_:uveniie~ or molt~: 

Longenty ur adults. or 

Incidence of disease. including physiological 
and behavioral abnormalities. 

In studies o:toxicity. certain measures are commonly 
used. 

LDso or LCso - tnc admin1stcred dose or 
environmental concentration at whid: 50 
percent of the experimental organisms die m 
Li s;.;ecified period of exposure time l.often 96 
hours!. 

EDsu or ECso- the dose or concentration at 
which 50 percent of the experimental 
organisms exhibit a certain nonlethal 
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3.4.2 

physiological or behavioral response m a 
specified time period (often 96 hours) 

No Observed Effects Level (NOELl or No 
Observed Adverse Effects Level 
(NOAEL) - these measures, which are not 
time-dependent, describe the threshold below 
which predefined effects are not observed. 
When this threshold has not been 
determined, the Lowest Observed Effects 
Level (LOEL) or Lowest Observed 
Adverse Effects Level (LOAELl describe 
the lowest recorded dosage at which effects 
were observed. 

Physical/Chemical Characteristics of the 
Environment 

A wide variety of environmental variables c;1n 
influence both the nature and extent of effects of a 
contaminant on living systems. These factors -
interacting with each other, with contaminants, and 
with organisms - can affect the outcome of a 
contamination by: 

Chemically changing the contaminant to 
make it more or less toxic, 

Making the contaminant more or less 
available in the environment, or 

~laking the organisms mort: or less tolera:1t 
of the chemical. 

Among the many factors that can afTect the outcome 
of contamination in the environment are 
temperature, pH, salinity, water hardness, <:nd soii 
composition. 

Temperature affects the chemical activi:y 11t 
contaminants anci biological activities of organisrr:~ 
in the environment. Low tem::Jeratures may he 
ad\·antag;·ous in certain contamination episode5. 
since botr, chemical and biological acti\·ity may b~ 
low. For example, low winter temperatures car. 
reduce the toxicity of mining eff:uent to 
macroinvertebrates found ir. streams. But the same 
low temperatures can be detrimental in other 
circumstances. In a study of susceptibility o: ::cabirds 
to oil contamination, researchers found th<.i~ ar. 
amoun: o: oil on the feathers too low to cause ciea:r: 
under normal environmental cor.ditions was mud: 
more stressful at colder temperatures 

The pH of the environmental meciium may af:ect a 
contaminant's chemical form, solubility, and toxicity 
This is especially true in the case of toxic metals. A 
one-unit decrease in pli can cause a more than 
twofold increase in lead concentrations in the blood of 
exposed rainbow trout. Studies have also shown tha :, 



in general, as environmental pH decreases, the 
toxicity of contaminants tends to increase. 

Salinity, the amount of dissolved salts in a volume of 
water, is an environmental variable to which many 
marine and estuarine species are very sensitive. 
Some contaminants reduce these organisms' 
tolerance of normal changes in salinity, decreasing 
their ability to adjust to salinity fluctuations. For 
instance, one species of yearling salmon 
demonstrated reduced tolerance of increases w 
salinity after long-term exposure to copper. 

Hardness, the amount of calcium, magnesium, and 
ferric carbonate in fresh water, can affect the toxicity 
of inorganic contaminants. Several Federal and State 
water quality criteria and standards are dependent 
on specific hardness ranges. 

Soil composition can greatly affect the nature and 
extent of movement and toxicity of contaminants. 
Soils with a high clay-humus colloid content can 
absorb high levels of certain ions and neutral 
organics. The organic content of some wetland soils 
can bind large amounts of heavy metals, rendering 
them unavailable to the biota. Some water-insoluble 
pesticides are known to adsorb to soil particles that 
can then transport the chemical to surface water 
when erosion occurs. Light, sandy soils readily 
permit percolation of chemicals to ground water, 
which may in turn contaminate surface waters. 

3.4.3 Biological Factors 

Susceptibility of Species 

Species differ in the ways that they take in, 
accumulate, metabolize, distribute, and expel 
contaminants Taken together, these traits result in 
marked differences among species i:-. their sensitivity 
to contamination. For example, over 400 species of 
insects and mites have developed resistance to 
pesticicie::: used to control therr:, whi:e hundreds of 
n:ner species exposed to the same ct1emical~ remain 
susceptible 

Csually, the major consideration as to how species 
will react to a potential toxicant is the dose. 
Generally speaking, the higher the ciose, the greater 
is the likelihood that biological effect~ wii; occur. 
However, response to a particula; dos' may aiso 
depend on the duration of exposun.:. Some organisms 
can t<.~ke in higher do:;es of a tox:c material if 
exposure is spread out over time in sm<.J:ler doses. For 
example, in one experiment, hens were fee leptophos 
(ar. organophosphate imtcticide) in a single r.igh 
dose or a series of lowe! doses. At the lower but 
multiple doses, the hens developed ataxia (paralysis 
of the legs) later than with the single high dose, but 
the total dosage over time was greater ir. the multiple 
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feeding than the single amount that caused 
immediate ataxia. 

Susceptibility of an organism varies with the 
mechanism through which contaminants are taken 
up from the environment. A given environmental 
concentration may result in different actual dosages 
for different species. For instance. some fish not only 
take in certain chemicals through their gills as they 
breathe, but can also absorb the chemicals through 
their skin. Species also differ in the way in whi~h 
their bodies metabolize, accumulate, and/or store 
contaminants. For example, an organism that 
commonly holds energy in reserve in the form of body 
fat may experience little effect from the 
accumulation of fat-soluble chlorinated hydrocarbons 
such as DDT. However. in a time of scarce food 
supplies, the animal might then metabolize la;ge 
amounts of fat, receiving a high dose of chemical a~ it 
does so. 

In general, the susceptibility of a species to a 
particular contaminant will depend primarily on 

The rapidity with which the contaminan•" 1s 
absorbed from the environmenc, 

The resultant dosage actually incurred at the 
physiological site where toxic effects occur· 
within the organism (the "site of action"), 

The sensitivity of the site of action to the 
dosage incurred, 

The relationship between the site of action 
and the expression of symptoms of toxic 
injury, and 

The rapidity of repair or accommod.a~ior. tl• 

the toxic injury 

Characteristics Governing Population Abundance 
and Distribution 

For a given set of environmenw: conditiur.~. :::pecH·:-e 
have characteristic attributes such a::; birth ra:.es. ;J[-:•: 

and sex distributions, migratior. patterns, and 
mortality rates. The species' h; :·<cat preferences. fuod 
preferences, and other behc:\ ioral characteris;,ics 
(e.g., nesting, foraging, re<.Jr·ing yo•Jng' c:lso may 
determine population size and dis~ribution in an 
area, and may also sigr.ificantly affect the pot.cn:ial 
for exposure. 

Differences in responses to contaminat.ion d~H· ~o S;Jct~ 
characteristics may be mar.ifest immediately f-,or 
instance, a species with a high propo:-:ion of juven:!e~ 
in its age distribution might suffer a more precipituus 
decline after a release than another species that ha::: a 
higher proportion of adults, sir::ply beca·,;,.;e <~ciult~ of 



a species can often sustain higher doses of a toxicant 
before succumbing than can juveniles. 

Alternatively, the effects of species attributes 
governing population abundance and distribution 
may become apparent only when the stress is 
removed from the environment. Some species are 
very successful at colonizing new habitats. They 
t:;.'})ically have high rates of reproduction and short 
generation times, and are able to disperse widely in 
search of suitable habitat. For example, annual 
weeds, often the first plants to occupy disturbed 
environments, usually produce large numbers of 
seeds that are easily dispersed by wind or other 
means. In well established, more stable habitats, 
such "pioneer" species are often poor competitors 
against other species for limited resources. The 
species thriving in stable environments use the 
resources efficiently in the areas where they become 
established, and typically have low reproductive 
rates, long generation times, and often, longer life 
spans. They also tend to be better competitors in the 
territories they occupy. These are the species that are 
more likely to recolonize a disturbed habitat only 
after some considerable delay. 

Species often combine characteristics of both of these 
idealized types. They may exhibit high reproductive 
rates and dispersal capability, along with other traits 
th:.:~ allow them - under the right conditions - to 
outcompete later invaders. For example, in the 
southern Cnited States, the imported fire ant has 
become a serious nuisance due in part to its ability to 
recnlonizf' areas where ir,secticides were applied to 
control it. If the chemicals kill off other ant species, 
the fire ant is better able than its competitors to 
immi!:_·-rate quicklv and become entrenched in the 
newi:· opened habitat 

Ten:t:Joral Variability in Communities 

TrH effects of a con:aminant discharge into a 
parti~ular habita: may vary with seasonal or longer 
cycles ~overning community s:ructure and function 
Effects may be apparent immediately at one point o: 
the cycle leg, in spring), whereas at another- point 
the effects would be delayed Contar:1inants may also 
elicit different effects at different stages of a 
community's development 

Seasonal chang-e~ entail rel;... :ively predictable, 
orcered char.ges associated with organism~· life 
hL-'..•ries. a!1ci are driver. principally by cycllcal 
ch;.:.!tl,:C:3 in weather and other physical in:luence::: 
Ex::.rr.ples include: 
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The spring blooms of plankton m estuaries 
and lakes, 

The change throughout the summer in the 
relative abundance of species of stream 
insects, 

The appearance of successive species of 
annual plants from spring to fall, and 

The concentration and dispersal of various 
animal species for breeding, nesting, and 
foraging. 

When conducting an ecological assessment at a 
Superfund site, the analyst must consider these kinds 
of temporal variations when determining the 
probability of exposure. Depending on the time of 
year or the point in some longer cycle, a potentially 
exposed species may or may not be present or in a 
vulnerable life stage at the time of a chemical 
release. 

Successional time scales are less regular and hence 
less predictable. Biological interactions or physic a I 
changes mediated by biological activity are usually 
important in the evolution of communities. The 
classic example of succession is the gradual change of 
a meadow to a forest. This series of events is 
measured in scores of years in undisturbed 
environments, and is not likely to be important in 
assessment of Superfund sites. Other successional 
change may be brought about by natural disturbance 
or human intervention and occur more rapidly. For 
example, intensive herbicide use in agricullural 
production sometimes results in preferential survival 
of weed species that are naturally tolerant to the 
chemicals used on the site As the hernicides continue 
to kill ofT sensitive species, the herbicide-tolerant 
weeds come to dominate the non-crop plant 
community, and r;,a\· in turr: dete:-rr.ir.e whic~. 
species of insects. small mammals. and birds i:1hahi: 
the area. 

Movement of Chemicals in Food Chains 

Food-chain transfer of contaminants represents a 
potential exposure route that should be acidressed in 
assessing the ecological effects of a site The processes 
involved in accumulation and tr:msfer of chemicals 
via fooc webs are complex ~onetheless, an 
understanding of a few basic asnects may be heipf·.1l 
in evaluating the importance of thi::: phenomenor. at 2. 

given site: 



Elevated concentrations of contaminants in 
organisms compared to environmental 
concentrations may not always signal food
chain transfer. Animals and plants 
canaccumulate chemicals directly from the 
medium in which they live. Bioac
curnulation' of chemicals in this manner is 
especially important for aquatic organisms 
and for terrestrial plants and animals (e.g., 
earthworms) in direct contact with soils. 
Elevated levels of a chemical found in most 
fresh-water fish and aqua tic and soil 
invertebrates occur by direct concentration of 
the contaminant from the water, soil, or 
sediment rather than through the food chain. 

Certain species are more likely to be exposed 
due to food-chain transfer of bioaccumulating 
chemicals than others. Predators and other 
species near the tops of food chains are among 
the most vulnerable. Long-lived, fattier, and 
larger species have a grec.ter opportunity to 
accumulate compounds in their tissues. 
Species that are more sensitive to the 
chemicals than the animals on which they 
are preying may be at particular risk of 
exposure (e.g., osprey feeding on contam
inated fish). 

Certain chemicals are more likely to be 
transferred via food webs than others. 
Organochlorines and other persistent organic 
compounds (either parent materials or 
metabolites resistant to further degradation) 
are more likely to be transferred than are 
non-chlorinated hydrocarbons and metals. 
Organic compounds with higher molecular 
weights are more likely to be transferred 
than those with lower molecular weights. 
Compounds with high Log Pe values are 
most likely to be accumulated. 

Plants may take up chemicals with low Log P 
values by way of their roots. but cannot 
transport significant amounts of compounds 
with high molecular weights and high Log P 
values in the same manner. However, foliage 
can become contaminated from soil or water 
by sorption of volatilized chemical on the 
leaves or by deposits of dust, aerosols, and 
vapors. 

7 The process that results 1n m:reased concentratiOns of 
contam1nants 1n organ1sms w1th 1ncreas1ng trophtC levels 1n the food 
c!law .. 

B The loganthm ol the octanol·watec c0€fi1C1en: (t-; 0 wl- Pred1ctor of 
b1oaccumulat'on 1n the otis of f1sh and the fat of an1mals 
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Longer food chains increase the time needed 
to reach equilibrium levels of contaminants 
in the predators at the top of the chain. The 
maximum value of bioaccumulation in the 
top species is also lower in longer food chains, 
but there is a greater certainty that a toxic 
chemical will have time to exert its effects on 
the population. Table 3.1 illustrates this for 
DDT applied to forest foliage. The table also 
shows the shift from DDT at the low end of 
the food chain to the more stable and toxic 
metabolite, DDE, at the high end 

Bioaccumulation may be less than predicted 
for a variety of reasons For example, 
organisms may avoid the chemical or prey 
that have consumed it, or exposure time may 
be insufficient to achieve equilibrium in 
living tissues. Furthermore, not all food 
chain transfers lead to biomagnification" 
Field monitoring should be used wherever 
possible to determine actual tissue 
concentrations. 

For terrestrial species, bioconcentration 
factors (BCFs)lo of as little as 0.03 can be 
significant if the residue is toxic. For aquatic 
species, BCFs greater than 300 are generally 
considered significant 

Table3.1. Forest Food Chain !or DDT 

Receot:Jr 

Fo•1age 

Fores: litter 

L1r.er 1nvenebrates 

Ground·feedmg b~rds 

Canopy·feedtng bteds 

B1rd-eat1ng hawks 
and owls 

:::.>JT 

DDT DDE 

DDT ::>JE 

DJ:C 

DC);: 
~-

Source: Jar:~es W Gillett. Ccrne:: U·,:·,·e-s~~, 

Years:;: 
.~~,~;.cr10~~ =:,~', 

:- 10 

9 H1gher conce~trat1cr 1n tne cc~surr.er tha·, 1n the c:;r;a~.:r·.e::e~~ 

source. 

IO The BCF JS the rat1c o' the concen:-attc~ o1 a CO'ltafTlrr.a,,: 1n :he 
organ1sm to the concentratiOn 1n :t1e Hnmea1ate env~ronme~t (SOl'. 

water, and sed1men:s\. 



Chapter 4 

The Role of Technical Specialists in Ecological Assessment 

"Every site is unique." 

This is probably the most common generalization on 
which ecologists who have worked on hazardous 
waste sites will agree. It is also only partly true. 

What makes every site unique is its particular 
combination of characteristics - the contaminants of 
concern, the topography of the site, the presence or 
absence of surface water, the vegetation, other 
species present, soil types, proximity to other import
ant habitats, etc. Taken together, these factors 
present an almost infinite array of potential 
ecological risk scenarios- the populations at risk, the 
nature of the contaminants, their toxicity to different 
species, routes and probabilities of exposure, en
vironmental factors contributing to or inhibiting 
toxicity, short- and long-term shifts in the structure 
of biotic communities, and the effects of remediation 
on the habitats at or near the site. 

Nonetheless, ecologists are able to find common 
elements in their study of populations, communities, 
and ecosystems, some of which were discussed in 
Chapter 3. These common elements form the basis for 
designing a strategy for characterizing any indi
vidual site and defining its specific properties. Thus, 
although every site is unique, the methods for 
assessing each site are not. Deciding which factors 
are important, and which methods to use to assess 
those factors, is a complex task requiring the ex
pertise of ecologists who are familiar with the 
organisms, ecological processes, and environmental 
parameters that characterize a site. This chapter 
outlines how such specialists can help the RPM or 
OSC specify, obtain, and evaluate information 
needed to assess ecological effects at Superfund sites. 

This guidance manual presumes that the RPM or 
OSC will obtain the assistance of ecologists and other 
environmental specialists. In some Regions, informal 
or formally constituted technical assistance groups 
already exist. In other Regions, advice may be 
obtained from various sources, including: 

EPA Regional Environmental Services 
Divisions: 
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The EPA Environmental Response Team; 

EPA Regional :\"EPA coordinators; 

Ecosystem-specific EPA programs, such as 
the Great Lakes ~a tiona! Program Office in 
Chicago, or the Chesapeake Bay Program 
Office in Annapolis, Maryland; 

Laboratories of EPA's Office of Research and 
Development; and 

Regional and field offices of the U.S Fish and 
Wildlife Service, the National Oceanic and 
Atmospheric Administration (especially 
NOAA's Coastal Resource Coordinators), and 
other Federal and State environmental and 
resource-management agencies. 

Generally, technical specialists serve an advisory 
role. Their function is to assist the RPM or OSC with 
information collection and evaluation, and to help 
ensure that ecological effects are properly considered 
in investigations and decisions. In specific cases, it 
may be possible to make arrangements (such as 
interagency agreements in the case of non-EPA staffi 
for them to be involved directly in conducting the 
work. 

In the following sections, we describe how ecological 
specialists can contribute to the RifFS and Remo\·al 
processes. We have divided the discussion into five 
major aspects: 

Site characterization, 

Site screening and identification of 
information gaps, 

Work plan development, 

Data review and interpretation, and 

Enforcement. 

These divisions are made for convenience of 
discussion only. Not all sites will require all five 



types of activity, and some activities may proceed in 
parallel rather than sequentially. 

4.1 Site Characterization 

RPMs and OSCs are encouraged to consult with 
ecologists as early as possible to obtain their help in 
conducting an effective ecological assessment. This 
assessment should begin with an ecological 
characterization of the site. In the Rl/FS process, this 
stage corresponds with the early phases of developing 
a site management strategy. 

An initial site description will be necessary to orient 
the technical specialists. This description should be 
assembled by the RPM or OSC from existing sources 
of information, without conducting formal field 
studies. Its primary purpose is to allow the specialists 
to: 

Identify issues that should be addressed m 
the ecological assessment to follow, and 

Develop data-collection strategies. 

The description should include information on the 
location of the site, its history, likely contaminan:s of 
concern, and the environmental setting of the 
proposed actions. Although primary responsibility 
for preparing the site description lies with the RP~1 
or OSC, the technical specialists should provide 
guidance, when requested, on what information they 
need in the initial site description to allow them to 
understand the scope of the problem. Much of the 
information needed at this stage is commonly used 
material, available from published sources or from 
previous assessments of the site. For example, studies 
in support of a removal action may be useful in 
planning for a Remedial Investigation 

Site location T!-1·· technic;<; specialists s~ould be 
providec with mc.p.;; and descriptions of the si~e. 

indicating. where possible 

The geographical area ltown, county, 
quadrant, or other appropriate unit) around 
the site. 

The locations of streams or other surface 
waters on or near the site~ 

Locations of other ecological habitats such as 
forested areJs, grasslands, floodplains, and 
wetlands or. or near the site. 

Locntions of soil types and current or 
projected uses~ and 

Locations of contaminant sources at or near 
the site 
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Topographical maps published by the C.S Geological 
Survey should be provided. For areas that are 
predominantly privately owned, floodplains are 
delineated on the Flood Insurance Rate Maps and the 
Flood Hazard Boundary Maps published by the 
Federal Emergency Management Agency. For areas 
that are predominantly owned by States or the 
Federal government, the controlling agency car. 
usually provide floodplain information. 

Documentation of the fact that a site exists in or near 
wetlands is an important first step in the ecological 
assessment. Several sources of information are 
available to RPMs and OSCs to determine if a 
contaminated area is in or near a wetland. :\taps of 
wetlands are available from a variety of sources, 
including the U.S. Fish and Wildlife Service, local 
and State planning agencies, and the Section 404 
staffs in the EPA Regions. The :'\ational \Vetlands 
Inventory maps (:\WI) developed by the Fish and 
Wildlife Service, or other more specific information 
at the State level should be consulted as earlv as 
possible. If more exact locations and/or bound~ries 
are required, the Federal Manual for Identifying and 
Delineating Jurisdictional Wetlands (March 1989) 
should be consulted. This manual was developed to 
identify jurisdictional wetlands subject to Section 404 
of the Clean \Vater Act and the "Swampbusters" 
provision in the Food Securities Act, as well as to 
identify vegetated wetlands for the i\WI. 

The OSC or RP~l should contact the State 
Geographical Information System, Information 
Management Office, and Land Management Offices 
for additional maps of environmental resources. 
Aerial and satellite photographs that include the site 
and its surroundings should also be sought out and 
pro,·ided to the specialists ifappropr:ate. 

Site history and contaminants of concern_ The 
initial site descriptior, should include a histo:y of the 
site drawn fror:: existing sources Topics tha: shouiC 
be addressee include available information or. 
chemical-b:mdling activities, storage location;:, anc 
known or potential contaminants. If a health effect::: 
assessment has already been performed on the site, 
st:mdard information on contaminants - chemical 
composition, amounts, and locations - will also be 
useful for ecological assessment. Where available. 
the ciescriptions of chemicals should also include ir:
formation on: 

Decomposition rates anci prociuct5, 

Bioaccumulation potential, 

Known toxic effects, and 

Fate and transport. 



Environmental setting. The initial site description 
should include any available information on geology, 
hydrogeology, and ecological habitats at or adjacent 
to the site. Geological information may be obtainable 
from existing publications of the U.S. Geological 
Survey or similar sources. Precipitation records for 
nearby weather stations (often located at the nearest 
airport) can be obtained from the National Weather 
Service. Previous environmental analyses may be 
available for some sites, which could help identify 
important habitats or species for the assessment to 
consider. These might include, for example, an 
Environmental Impact Statement for a nearby 
facility (e.g., highway, power plant), a State 
Remedial Action Plan for a designated Area of 
Concern, or a National Pollutant Discharge 
Elimination System permit for wastewater discharge 
into a nearby waterway. 

Obtaining information about local ecological 
resources may require consultations with local 
experts on the subject, including State pollution
control officials, State or Federal fisheries and 
wildlife-management specialists, State or Federal 
foresters, agricultural extension agents or Soil 
Conservation Service officials, and others familiar 
with the terrain and biology of the region. These 
individuals may also provide important details re
garding past, present, and likely future uses of land 
and water resources in the area. The RPM or OSC 
may want to consult the technical assistance group or 
individual specialists for help in identifying people to 
contact for this information. These contacts may also 
provide assistance in identifying potential ARARs for 
the site. 

C sing this information, the technical specialists 
should be able to begin identifying the habitats 
potentially affected b~, contaminants at the site. Key 
to this activity will be a preliminary definition of the 
likely pathways for exposure to the contaminants. 
Once these habit2ts are identified. the relevant Fed
e:-al ar:d State natural resource trustees should be 
notified anc invited to participate in planning the 
ecological assessment, if they are not already sen·ing 
as technical specialists 

If possible, one or more technical specialists should 
accompany the RP~ or OSC to the site for an initial 
field reconnaissance. This visit can help clarify for 
the assistance group the kinds and amounts of data 
that may be needed to characterize the site and its 
contaminants, keeping in mind that seasonal 
changes may alter the nature and quantity of 
relea,.;es or affected organisms 

4.2 Site Screening and Identification of 
Information Gaps 

Following collection of existing data, the technical 
assistance group should be in a position to determine 
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the nature and extent of ecological assessment that 
wiil be necessary for the site. If no ecological exposure 
pathways have been revealed in this initial review, 
little or no additional work may be needed. Alter
natively, certain exposure pathways might be 
eliminated from further study while others might 
require more data. For instance, if there is no surface 
water on the site and no opportunity for 
contaminants to reach surface waters off the site, 
further data on aquatic effects would very likely be 
pointless, even though concern about exposure to 
terrestrial organisms might warrant extensive 
sampling and testing. 

Examination of preliminary data could point up 
important gaps in the information concerning 
characterization of the site. Site visits, aerial or 
satellite photographs, o: information from local 
experts may reveal habitats subject to exposure that 
were not part of the original data-gathering efTort 
For instance, careful examination of the site might 
result in the discovery of a previously unreported 
stream running through the property that could raise 
questions about contaminants reaching an off-site 
wetland. 

Review of the data from initial studies may also 
indicate that potential exposure pathways or 
receptors were either overlooked or previously 
unknown to the site investigators. For example, 
evidence might be found that small mammals are 
burrowing and foraging near storage facilities. This 
information would probably raise concern about 
direct exposure of these animals to contamination. 
Depending on the persistence and bioaccumulation 
potential of the contaminants, the observation of 
these mammals might also suggest additional risk to 
predatory birds and mammals both on and off the site 
through the food chain. These concerns might then 
lead to a new study plan to trap some of the mammals 
and test their tissues for contaminants. 

The technical specialists migh~ also conclude 1':-n:-:~ 

information developed during the early stages that 
the contaminants identified at the site are causir~~ 
t.::lexpected toxic effects For instance, biotic surn?ys 
m:ght show an absence of ce:-tain fish species that 
occur in otherwise similar, but uncontaminated. 
streams. If there is reason to suspect that the absence 
of t~ese fish may be caused by toxic effects, field o:
laboratory toxicity tests might be appropriate to 
determine the toxicological potential o: ~!:e 

contaminants. 

4.3 Advice on Work Plans 

Where applicable, ecological assessmen~ is J.:t 

integral part of the RifFS Work Plan. Tecnnical 
specialists should be consulted as early as possible in 
the development of the Work Plan and the Sampling 
and Analysis Plan, to ensure that. the plans for eco-



logical assessment are well designed and capable of 
answering the necessary questions about the 
ecological effects of the contaminants at a site. 

Effective ecological assessment will require a design 
that is tailored to each site's specific characteristics 
and the specific concerns to be addressed. Choosing 
which of the many possible variables to investigate in 
the study will depend on the nature of the site, the 
types of habitats present, and the objectives of the 
study. The technical specialists should therefore 
assist the RPM in specifying technical objectives for 
the investigation. Such objectives might include: 

Determination of the extent or likelihood of 
impact, 

Interim mitigation strategies and tactics, 

Development of remedies, or 

Remediation criteria. 

The technical specialists can then help the RPM 
develop data quality objectives to support these 
technical objectives. 

Although each assessment is in some way unique, it 
is possible to outline the general types of data that 
may be required. For terrestrial habitats, the 
technical specialists may specify such data needs as: 

Survey information on soil types, vegetation 
cover, and resident and migratory wildlife; 

Chemical analyses to be conducted in 
addition to any previous work done as part of 
a Preliminary Assessment or Site Investiga
tion; and 

Site-specific toxicity assessments to be 
conducted. 

For fresh-water and marine habitats, the information 
needed will most likely include: 

Survey data 0:1 kinds, distribution, and 
abundance of populations of plants 
(phytoplankton, algae, and higher plant 
forms) and animals (fish, macro- and micro
invertebrates) living in the water column and 
in or on the bottom; 

Chemical analyses of samples of water, 
sediments, leachates, and biological tissue: 

Sediment composition and quality, graw 
sizes, and total organic carbon; and 

Toxicity tests designed to detect and measure 
the effects of contaminated environmental 
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media on indicator species, or on a 
representative sample of species, such as 
water fleas (Daphnia or Ceriodaphnia), 
amphipods, chironomid midge larvae, tubifi
ciid worms, mysid shrimp, and fathead 
minnows. 

Where specialists have reason to believe that 
contaminants may move from one type of habitat to 
another, such as chemicals washing into a stream in 
runoff water, data from each potentially exposed 
habitat will be needed. The Superfund Exposure 
Assessment Manual contains much valuable 
information on predicting movement of contaminants 
from one medium to another. 

The technical specialists should also provide 
guidance on such quality assurance and quality 
control (QNQC) issues as: 

The area to be covered in biotic and chemical 
sampling programs, 

The number and distribution of samples and 
replicates to be drawn from each habitat, 

The preferred biological analysis techniques 
to be used, 

Adherence to the assumptions of predictive 
models used in the analysis, 

The physical and chemical measurements 
(e.g., dissolved oxygen in a water sample, pH 
of water or soil, ambient temperature) to be 
taken at the time of the survey, and 

Any special handling, preservation methods, 
or other precautions to be applied to the 
samples. 

Technical specialists may make specific 
recommendations on sampling and analytical 
methods. or they may review plans and offer 
comments or suggestions for improvement of the 
assessment methodology. Ideally, the sampling and 
assessment process should be a phased approach, 
where preliminary results are reviewed by technical 
specialists, who may find reason to suggest changes 
in the scope of the project or in the methods used 
during subsequent stages of the study. 

4.4 Data Review and Interpretation 

The technical assistance group should also be called 
upon to review data and provide comments on the 
interpretation of data. In mr.st situations, extensive 
and long-term ecological studies are unlikely to be 
undertaken, and informed professional judgment will 
be required to determine if the weight of evidence 
supports a particular decision regarding the site. 



Specialists should be closely involved in reviewing 
interim and draft assessments as these documents 
are completed. The appropriate specialists should be 
consulted to ensure that the assessments: 

Address all important habitats and 
contaminants of concern, 

Identify all significant receptor populations, 

Portray all relevant routes of exposure, 

Characterize all significant ecological 
threats, and 

Describe uncertainties m the assessment 
process. 

The specialists may also provide advice on how to 
present the results to decision makers who are not 
trained in environmental science. 

4.5 Advice on Remedial Alternatives 

Remediation measures can also pose environmental 
threats. 
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For instance, channeling a stream may deprive a 
wetland of its primary water source; earthmoving 
and construction operations may increase siltation of 
nearby streams due to increased soil runoff. In such 
situations, compliance with appropriate laws and 
regulations may require that the remediation plan 
include provisions for minimizing environmental 
damage. Ecologists should therefore be involved as 
early as possible in the selection and review of 
remedial alternatives so that ecological as well as 
public health concerns are addressed in the 
Feasibility Study. 

Technical specialists should also be involved in 
designing monitoring programs to evaluate the 
success of a removal or remedial project. Biological 
monitoring plans should be developed to evaluate the 
effects of remedial actions on local populations of 
various forms of wildlife. In addition, toxicity tests 
can be used as sensitive indicators of the presence or 
absence of contaminants following remediation. Such 
tests may be useful in defining cleanup levels. 

4.6 Enforcement Considerations 

If ecological effects of contaminants are a factor in en
forcement actions, technical specialists may be a 
valuable resource both in crafting the decision 
documents and in providing support for the decision. 
Proposed decisions that incorporate ecological 
criteria for cleanup or remedial action should be re
viewed by appropriate ecological experts to ensure 
that the criteria (1) are accurately described and (2) 
can be effectively implemented. Technical specialists 
may serve as expert witnesses in court or 
administrative hearings in support of enforcement 
actions. Finally, as discussed above, ecologists may 
be consulted on the design and implementation of 
monitoring programs to help ensure that remedial 
actions achieve their objectives. 



Chapter 5 

Planning an Ecological Assessment 

Because ecological assessments will vary widely from 
site to site, no standard design is appropriate. The 
scope, level of detail, and design of the assessment 
should be determined in close consultation with 
ecologists who understand both the technical issues 
involved and the requirements of the Superfund 
program. Some of the factors that should enter into 
the planning stage are: 

The objectives of the assessment, as 
determined by the management decisions 
required at the site; 

The programmatic goals, mandated 
schedules, and budgetary restrictions 
associated with the site's remediation; 

The kinds, forms, and quantities of 
contaminants at the site; 

The means of potential or actual release of 
contaminants into the environment; 

The topography, hydrology, and other 
physical and spatial features of the site; 

The habitats potentially affected by the site; 

The population5 potentially exposed to 
contaminants; 

The exposure pathways to potentially 
sensitive populations; and 

The possible or actual ecological effects of the 
contaminants or of remedial actions. 

This phase of the assessment process is concerned 
with determining what information should be collect
ed for an ecological assessment. It consists primarily 
of identifying characteristics of the contaminants and 
the potentially affected environments, to: 

Determine if enough evidence exists to 
warrant further investigation of ecological 
effects at the site; 
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Establish the scope of the ecological 
assessment (if one is judged necessary) in 
terms of spatial and temporal extent, tests to 
be conducted, time and resources needed, and 
level of detail required; and 

Define study goals and data quality 
objectives if collection of new data is deemed 
necessary. 

If new data are collected, it is essential that data 
quality objectives reflect specific programmatic 
goals and management objectives, to ensure that 
time and funds spent to gather and analyze data 
are used efficiently and effectively. 

This chapter discusses the principal components of 
defining the scope and design: 

Determination of the objectives and level of 
effort appropriate to the site and its 
contaminants, 

Evaluation of site characteristics, 

Evaluation of the contaminants of concern, 

Identification of exposure pathways, and 

Selection of assessment endpoints. 

These are logically distinct activities, but they are 
not necessarily undertaken sequentially. All may be 
underway simultaneously, or one activity may await 
the outcome of data from other activities. The 
outcome of this process is the Sampling and Analysis 
Plan (SAP), which specifies the methods for data 
collection and analysis, and the procedures for 
quality assurance and control (QAJQC). 

5.1 Determination of Need, Objectives. 
and Level of Effort for Ecological 
Assessment 

Defining the scope and design of an assessment is 
initially based on available information and data 
from previous studies. Using this material, the RPM 



or OSC should consult with technical specialists, who 
can be expected to use good professional judgment to 
provide advice on how to evaluate a specific site. The 
outcome of this phase should be an assessment design 
that will ensure scientific defensibility of data and 
decisions based on those data, while remaining 
cognizant of the CERCLA-mandated schedules and 
budget constraints faced by decision makers. 

An ecological assessment may be conducted to: 

Document actual or potential threat of 
damage to the environment, in support of a 
proposed removal action; 

Define the extent of contamination; 

Determine the actual or potential effects of 
contaminants on protected wildlife spec1es, 
habitats, or special environments: 

Document actual or potential adverse 
ecological effects of contaminants, as part of a 
Remedial Investigation; 

Develop remediation criteria; and 

Evaluate the ecological effects of remedial 
alternatives, as part of a Feasibility Study. 

A given assessment may entail one o~ more of these 
objectives as the primary reason(s) for the study. 
Specification of assessment objectives should in turn 
allow clear definition of the ecological endpoints of 
concern, the study methods to be employed, and the 
data quality objectives for the study. 

The RP~t or OSC should confer with technical 
specialists to determine appropriate levels of detail 
for ecological ao:sessment of a site based on available 
information. Tnis should be undertaken as an 
iterative process. Data from the field m<;.y war:-ant 
further investigation and greater detail Conversely. 
such data may indicate that little or no additional 
work is necessary to characterize ecological effects. 
The definition phase should be used to identify the 
criteria needed to make these judgments. 

Each assessment will vary in the extent to which 
resources, exposure concentrations, effects, and other 
variables are identified and quantified. The more 
serious effects found may not relate absolutely to the 
amount of detail required in the assessment. The 
need for detailed, quantitative information will be 
driven by the difficulty in adequately characterizing 
the parameters that comprise the assessment. For 
instance, a fish kill might be readily traced to a high 
concentration of a contaminant from a point source. 
On the other hand, considerable effort might be 
needed to evaluate the causes of unusually low 
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populations of fish in a stream that contains low 
levels of diverse and dispersed contaminants. 

5.2 Evaluation of Site Characteristics 

5.2.1 Nature and Extent of Contaminated Area 

In defining the scope and design for an ecological 
assessment, it is important to determine the full 
spatial extent of the contamination through 
sampling and measurement. The sampling plan 
should be designed with a broad enough radius to 
find the "edge of the plume," the farthest extent of the 
contamination in soils or other environmental media. 

Maps and aerial photographs should be used 
whenever possible to define the general habitats at or 
adjacent to the site. Small wetlands, intermittent 
streams, and other potentially important areas that 
might have been missed during a preliminary site 
visit may be seen from aerial photographs or maps. 
Significant off-site information may also be derived 
from good maps and photographs (e.g., discharges 
from surrounding areas that may affect the site). 
This type of information may provide significant 
insight into the conduct of the site im·estigatior.. 
Ground verification of all habitat locations should be 
conducted before developing any sampling plans. 

At this stage, it is also important to determine which 
transport processes are likely to be a~ work with 
respect to each contaminant. From this inf'irmation. 
analysts should be able to discern likeiy off-site 
exposure routes and the habitats th:-eatened or 
potentially threatened by that exposure. The RPM or 
OSC should consult the Supf'r{und Exposure 
Assessment Manual (SEA~1) for detailed information 
on predicting chemical fate and t:--ansport in the 
environment. 

In characterizing a site and determining how 
contaminants may move through the environment 
associated with the site, the RPM or OSC shou!C 
examine trend data such as variations in climatic 
concitions that may affect popul::.tion lt:vels of 
resident species. These data may indicate conditions, 
such as periods of high rainfall or drought, that place 
additional stress on local ecosystems and may affec: 
the fate and effects of contaminants. 

Based on all of this informatior.. anc ir. close 
consultatior. with technical specialists, the RP:\i or 
OSC should set site-specific objectives for 
investigation of each potentially contar:1inatec 
habitat, including: 

Environmental media to be sampled and 
analyzed for contaminant levels, 

Detection limits for contaminants. 



Toxicity tests to be performed and species to 
be tested, and 

Ecological (population, community, or 
ecosystem) effects to be measured or 
predicted. 

Data quality objectives ansmg from these study 
objectives should then be developed to determine 
what level of effort will be necessary to obtain 
scientifically defensible answers. It is important to 
emphasize that the extent of delineation of exposed 
habitats should be determined by the potential for 
exposure, not by arbitrary distances or boundaries 
that lack a biological justification 

5.2.2 Sensitive Environments 

For a particular site, the proj~ct team should prepare 
a list of habitats requiring special attention in the 
assessment. Although ecuiogical judgment is 
necessary to define some priorities, State and Federal 
laws and regulations designate certain types of 
environments, such as wetlands, as requiring special 
consideration or protection. Critical habitats for 
species listed as threatened or endangered also may 
require protection. Consultation with natural 
resource trustees and other technical specialists will 
be invaluable in ensuring identification of these key 
areas. 

In addition to identifying habitats that meet specific 
State or Federal criteria, the project team should also 
consider if any other habitats on the site are: 

Lnique or unusual, or 

:\ecessary for continued propagation of key 
species (e.g , rare or endangered species, 
essent:al food sources or nesting sites for 
other species, spawning and rearin§"; habitats, 
etc) 

The importance of habitats on or near a hazardous 
waste site will vary from area to ;..rea, depe:tdim: on 
such factors as: 

The species native to the area and their 
significance (e g., regionally important s;:Jort 
fish), 

The availability and quality of substitute 
habitats. 

The land use and management patterns m 
the area, and 

The value (economic, recreational, aesthetic, 
etc.) placed on such habitats by local 
residents and others. 
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The project team should define and identify sensitive 
environments based on a site- and area-specific 
analysis, keeping in mind the ecological connections 
between the site and nearby habitats. 

5_3 Contaminant Evaluation 

5.3.1 Identification and Characterization 

Along with site characterization, a parallel prime ob
jective in defining the scope and design of an assess
ment is to characterize the contaminants of concern 
(and their transformation products) in terms of their 
known or suspected potential to cause ecological 
harm. Besides identifying and classifying the con
taminants of concern, the RPM or OSC should make 
sure that characteristics of the chemicals are mea
sured that will help to determine the site's likely eco
logical effects. Based on measured or calculated phys
ical/chemical properties and other published data, 
the contaminants' likely persistence in the environ
ment should be estimated. The RPM or OSC should 
also obtain information to describe the frequency, in
tensity, and route(s) of chemical release to the envi
ronment. 

Preliminary information on the physical/chemical 
properties, bioaccumulation potential, and other 
characteristic!': of contaminants can be used to define 
the parameters of studies to be conducted for an 
ecological assessment. For example: 

If chemicals are known or suspected to be 
water-soluble, analysts should be prepared to 
investigate potential exposure routes to 
aquatic habitats. Water-soluble compounds 
may also be expected to move readily within 
the aqueous phase of some soils, increasing 
the likelihood of exposure for soil-inhabiting 
organisms. 

For chemic:1ls with low solubility ir.. water, 
the RPM or OSC should invest.igate the 
potential for the compound to acsorb to soil 
particles Should this occur, the chemical 
could be transported through erosive soil 
runoff to surface waters or other terrestrial 
environments near the site. Contaminated 
soil particles may also be ingested by 
organisms living on or in the ground 

If a contaminant is judged to be persistent, or 
if environmental release is frequent or 
continuous, the ecological assessment may 
(where time permits) include chronic as well 
as acute toxicity tests on potentially exposed 
organisms. The RPM or OSC may also need to 
consider studies and/or use of appropriate 
predictive models to assess long-term 
population effects 



If compounds are known or suspected to 
bioaccumulate, studies may be needed to 
determine the extent of bioaccumulation in 
potentially exposed organisms. This will 
probably entail a close look at transport and 
exposure pathways and collecting data on 
contaminant concentrations in tissues of 
likely bioaccumulators such as fish. 

5.3.2 Biological and Environmental 
Concentrations 

Based on the preliminary information about the 
nature the contaminants, a sampling and analysis 
plan can be devised to determine contaminant 
concentrations in all relevant media. As in all other 
assessments, the best measurps are those that are 
accurate, precise, and represen:.otive of the situation 
in space and time. The best way to achieve this is to 
plan sampling programs with ecological assessment 
as a clearly specified objective. As a general 
principle, sampling, monitoring, and measurement 
should be designed by taking account of exposure 
pathways to habitats and organisms on or near the 
site. 

A brief field reconnaissance of the site, combined 
with accurate maps or aerial photographs, should be 
sufficient to identify important habitats that may 
require sampling. Consultation with ecologists 
familiar with the area will probably indicate the 
kinds of organisms to be expected on the site and the 
probable exposure pathways that should be 
investigated. This in turn should lead to study 
designs for measuring contaminants in media 
appropriate to those exposure pathways. For 
instance, if a compound is known or suspecteci to be 
volatile, air samplir.g in potentially exposed habit~ts 
may be appropric.te. lf the chemicals are believed to 
have reached surface waters, stream sedirr.ents and 
biota may need to be analyzed tc determine the full 
extent of contamination. Ifbiolopcal transport of the 
contaminant::: is conside:-ed possible, the sampling 
plan may neeC. to include testing for the prestc:tce or 
effects of low levels of chemical at some distance from 
the source. 

If contaminants are suspected of bioaccumulation or 
are considered f::irly pe:-sistent. the RP~ or OSC may 
need to require studies to determine if the chemicals 
are being transferred from organism to organism 
througr. the food web. Food-chain linkages can be 
e \"a I u a ted u s i n g i n f o r m a t i o n o n t h e t r o p h i c 
relationships of the species at a site. Direct 
measurements of chemical residues in animal tissues 
provide the most direct approacr. for assessing the 
extent to which food chain transfer of chemicals may 
be occurring. If such biological transfer of 
contaminants is suspected, the RPM or OSC should 
consult with technical specialists on the proper 
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design of studies to evaluate the extent and effects of 
the phenomenon. 

Estimating chemical fate and transport is a key first 
step in quantifying exposure. Having identified the 
exposure pathways, the analyst should plan on 
sampling pertinent media to determine the 
concentrations of the contaminants of concern. As 
discussed in detail in the SEAM, predictive models 
can help in estimating fate and transport of 
contaminants. For Superfund sites, the analyst 
should consult the SEAM and specialists to 
determine the applicability of any particular model 
to the specific site. Among the consideration~. will be 
the assumptions underlying the model, the ~uantity 
and quality of input data needed, and the degree of 
confidence in the model's results. The decision on 
what model(s) to use may determine sampling and 
analytical design, including <>.nalyses required, 
sample sizes, sampling method, and sampling 
frequency. 

5.3.3 Toxicity of Contaminants 

A key objective of the definition phase of the 
assessment process is to develop a sampling and 
analysis plan to assess the toxicity of site 
contaminants to potentially exposed populations of 
plants and animals. Evaluating the toxicity of a 
substance at a particular site requires careful 
specification of the effects of concern, such as 
mortality or reproductive failure, and the duration of 
exposure (i.e., acute or chronic). At the planning 
stage, literature reviews are the most likely sources 
of information on the toxicity of contaminants. 
Literature searches can help guide an investigation, 
especially in identifying the likely mechanisms of 
toxicity. However, the user of a literature review 
must fully understand the restricted characte:- of the 
information. Its value in characterizing actual or 
probable hazards at a specific si~e is extreme::. 
limited. for se\·eral reasons: 

Toxicologists generally study a population of 
one species because the effects on a 
community or ecosystem are too difficult for 
standard practice. If the species chosen for 
~he study is not a good indicator species for 
habitats found at the site, the study's findings 
may be a poor predictor of the site's actua; 
hazards. 

Toxicologists generally study the effects of 2 

si:1gle toxicant at a time. This practice is 
rarely representative of field conditions 
where organisms may be 5tressed 
simultaneously by several toxicants. 
fluctuations in the availability and quality of 
nutrients. and variations in weather and 
ciimate. When organisms are exposed to two 
toxicants at the same time, the t::'""~'ects may be 



directly addi ti \'t', more than additive 
(synergistic), or less than additive 
(antagonistic), depending on the toxicants in 
question, the organisms exposed, and the 
environmental conditions. 

Published research may use death or a 
subacute effect, such as behavioral change, as 
the endpoint. Incorporating statistics into 
their analyses, scientists may select the 
median (50 percent) response of a population, 
or they may choose some other percentile of 
response as appropriate, perhaps the 10 
percent or the 90 percent response. Unless 
the measures used in the research correspond 
well to the objectives of the ecological 
assessment, the results may be difficult to 
apply to the specific site or contaminants at 
ISSUe. 

Researchers usually report a fixed time for an 
experiment. For example, for aquatic tests, 
toxicologists often study the response over 48 
or 96 hours, depending on the species and the 
toxicant. Occasionally, researchers will study 
a complete generation of organisms or a 
complete cycle of reproduction and 
recruitment, but rarely do they have the 
resources or time to study several 
generations. 

A wide array of experimental protocols and results 
exists in the literature, in which every variation from 
study to study can be found different organisms, 
toxicants, laboratory conditions, endpoints, 
concentrations, statistical summaries, and durations. 
Although all of these studies may be informative for 
some purposes, they are difficult to compare and 
contrast, and judging the validity of extrapolation to 
a specific site and its contaminants should be left to 
qualif1ed specialists. 

Despite the wide diversity of experimental designs, 
ecoiogists have settled on a few widely recognized 
organisms and protocols for study. For example: 

To study effects on terrestrial in\'ertebrates, 
researchers commonly use one or more 
species of earthworms to represent soil 
organisms, generally using two- or four-week 
test protocols. 

Toxicology studies ofbirds often use bobwhite 
quail, ring-necked pheasants, or mallard 
ducks. 

Because of their widespread use for human 
health assessment, there exists a large data 
base of toxicity s:.udies on laboratory rats, 
mice, and rabbits. Therefore, these are also 
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commonly used as surrogate species for 
estimation of toxicity to other mammals 

For equivalent studies of aquatic organisms, 
scientists have long used species of Daphnia 
or Ceriodaphnia (water fleas) to represent 
freshwater invertebrates in 48- or 96-hour 
test protocols, while freshwater fish have 
been represented by the fathead mmnow, 
rainbow trout, and bluegill. 

The MicrotoxR test, dissolved oxygen 
depletion test, or reazurin reduction test are 
sometimes used to indicate toxic effects on 
microbial populations. 

Commonly studied marine and estuarine 
species include mysid shrimp, Dungeness and 
blue crabs, oysters, mussels, and sheepshead 
minnows. 

For studies of effects on plants, domes~icated 
species are often used, such as lettuce seeds in 
germination tests. 

It is often possible to select one or more of these 
commonly tested species as surrogates for species 
found at a site if toxicity testing is warranted. To 
develop a proper understanding of conditions at the 
site, data on surrogate species need to be interpreted 
by wildlife/fishery toxicologists and ecologists 
experienced in evaluating contaminants. Differences 
in physiology between closely related species or 
apparently minor differences in physical or biological 
conditions at the site can often complicate such 
interpretations. 

Literature surveys can help identify possible targets 
for investigation if toxic effects are reportec, but they 
are unlikely to eliminate chemicals from further 
consideration if negative results are reported 
Positive findings in a laboratory research study o: 
toxic effects may indicate the mode of action of the 
cr:emical. They may also help the in \'estiga ~or 
determine the endpoint for toxicity tests conducted 
with materials from the site. Laboratory tests 
indicating low toxicity may or may not mean low 
toxicity in the field, since even the best laboratory 
simulation cannot mirror field conditions. 

Generally speaking, field data, monitoring 
information, and toxicity testing of contaminatec 
media are more useful and reliable than literatun· 
estimates. Wherever possible, the assessment. shoulc: 
be based on data collected from the field 

In those circumstances where exposure appears 
likely, toxicity testing will be needed to determine 
the effects of contaminants in the concentra:ions 
found or expected at the site on potentially e~;poseci 
plant and animal populations. Results from 



published studies can serve as a useful guide for 
deciding: 

What toxicity tests (e.g., acute, chronic) 
should be conducted with field-collected 
samples, 

What kinds of organisms should be tested, 

What effects should be anticipated, and 

How the tests should be interpreted. 

From these decisions, a specific set of data quality 
objectives should be formulated, including: 

The number and type of tests to be run, 

The environmental conditions to be 
monitored, 

The detection limits for contaminants, 

The number of samples to be taken, and 

The acceptable margin of error in analyzing 
results. 

Site-specific information on sensitivity to 
contaminants should be gathered wherever 
necessary and feasible. Studies to collect such data 
should be designed carefully, in close consultation 
with technical specialists. The general categories of 
studies that might be conducted include the 
following: 

In-situ (in-field) toxicity tests. Methods for 
in-situ studies are available for aquatic 
toxicology and, to a more limited extent, 
terrestrial toxicology. Such methods usually 
involve exposing animals ir. the field to 
existing aquatic or soil conditions. Generally, 
these methods involve the use of enclosures to 
hold tne animals at a specific location for the 
designated exposure period (e.g., caged fish 
stucies). 

Field observations. Correlation of the 
abundance and distribution of animals and 
plants with measurements of chemical 
concentrations may not prove the existence of 
toxic effects, but :nay offer some insights as to 
likely sensitivitie" and add to the "weight of 
evidence" concerning the site 

Toxicity tests of contaminated water, soil. 
sediments, or elutriates in the laboratory. 
These can be used to evaluate the lethal or 
sublethal effects of che:nicals as they occur in 
environmental media. They car. also be used 
to test for toxicity of mixtures as they 
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actually occur in the environment. Some 
methods for these tests have been published 
by EPA.l 

5.3.4 Potential ARARs and Criteria 

Once the contaminants at a site have been identified, 
the RPM or OSC should identify those for which 
criteria have been established, and determine 
whether any such criteria apply as potential ARARs 
at the site in question. (See Chapter 2.) If usable and 
applicable criteria exist, the assessment should 
include sampling and monitoring plans to determine 
the extent to which those criteria are exceeded by 
environmental concentrations at the site. If criteria 
do not exist for the contaminants in question, 
analysis of known toxic effects and possible threshold 
levels may be used to develop site-specific criteria 
against which to compare field data. The RP).1 o; 
OSC may also wish to consult with technical 
specialists to determine if any chemicals for which 
criteria have been established might be appropriate 
analogues for the contaminants of concern at the site. 
EPA's Office of Toxic Substances has published a 
volume describing the use of analogues for 
estimating toxicity to aquatic organisms.z 

5.4 Potential for Exposure 

Before the effects of a contaminant on an organism 
can be evaluated, it is necessary to know how much of 
the chemical is actually or potentially reaching the 
point of exposure (the location where effects can 
occur). This depends on characte:-istics of the 
contaminant, the organism, and the environment. 
Exposure assessment seeks to answer the following 
questions: 

What organisms are actually or potentially 
exposed to contaminants from the site~ 

Wnat are tne significant routes of exposure'~ 

To what a:-:1ou:1ts of each contailiinant are 
o:-ganisms actually or potentially exposed? 

How long is each exposure'~ 

How often does or will exposure take place? 

·. E::otco;•::a· Assessr:oer::s c: hazwc:ouo. Waste S.tes A F:eic a~c 
Laborar::vv Reference Do::ument (EPA.600i389 ... 013). EPA OH :e 
o' Researcr. and Deve1opme'lt. 1989: J.C. Greene. S.A. Petersc". 
C.L Bane:s. anc W.E Md:er, 81oassa\' Protocols fer Assess;nr; 
Acute c:nC: Chrome Tcx;c;ry ar HazarCOL'S Waste S1tes. EPA 
Off1ce of Researcr. and Deveiopmen:. January 1988. 

2 Es:1ma:;ng Tox1Ci1\' cf lnausrr:a! Chem1ca!s to Aquat•c 
Orgar:,sms Usmr; S:rucrure Act1v1t')' Relat;onsh;os. Off1ce of To~:c 
Substances (EPA15601688 1001 ). Jul·, 1988 



What seasonal and climatic variations m 
conditions are likely to affect exposure? 

What are the site-specific geophysical, 
physical, and chemical conditions affecting 
exposure? 

Analysis of contaminant concentrations in tissues of 
exposed organisms can help provide a link between 
environmental concentrations and the amount of 
contaminant likely to reach th~ site of action. For 
many contaminants and organisms, time delays may 
need to be considered when attempting to correlate 
environmental and biotic concentrations. This will 
allow for the time that may elapse before a chemical 
is taken up into living tissue. Some of the factors that 
may influence uptake include: 

The environmental concentration of the 
contaminant in the media to which the 
organism is most often exposed; 

The metabolic rate of the organism, which 
in turn may be a function of such 
environmental parameters as temperature, 
availability of sunlight, water, nutrients, 
oxygen, etc.; 

Species-specific metabolic processes, such 
as food absorption rates and the ability to 
degrade, accumulate, store, and/or excrete 
the contaminant; 

Behavioral characteristics such as food 
preferences and feeding rates (both of which 
may vary with the time of year and the age of 
the organism), and the ability to detect and 
avoid contaminated media or food: 

Other characteristics of the organism, 
such as gill surface area, lipid content, and 
metabolic ability to liberate a "bound" 
residue: and 

The bioavailability of the contammant, i e . 
its tendency to partition into a form 
conducive to uptake: this will vary among 
chemicals and organisms. Bioavailability 
will be influenced by such environmental 
factors as temperature, salinity, pH, redox 
potential, particle size distribution, and 
organic carbon concentrations. 

Because indi\'iduals and species accumulate 
contaminants differentially in their tissues, 
environmental concentrations and uptake rates will 
not necessarily predict biotic concentrations. 
Pharmacokinetic distribution following bioaccum
ulation determines the concentration of contaminant 
that actually reaches the physiological site of action 
within an organism, and thus the likelihood of 
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adverse effects. Whether or not bioaccumulation is 
suspected, analysts should try to determine 
contaminant concentrations in environmental media 
and biotic tissues simultaneously. Based on these 
data, site-specific bioconcentration factors (BCFs) 
can be estimated. One must make sure, however, that 
the measured environmental concentrations are 
relatively stable and not short-term aberrations. If 
site-specific BCFs cannot be derived from monitoring 
data, the analyst may need to use published BCF 
values or predicted BCFs. 

To be meaningful, chemical analyses of biota should 
use sample sizes large enough to obtain variance 
estimates. Extrapolating contaminant 
concentrations from a sample of organisms to an 
average for the population may be a complex process. 
Such factors as the time of year of the sample, the life 
stage or age of the organisms, and the spatial 
distribution of the population may need to be 
considered. For highly mobile animals, estimates of 
exposure may need to be adjusted to account for the 
likelihood that not all of the animal's food will be 
obtained from the affected area. In one study, for 
example, the analysts calculated exposures for mink 
and mallard ducks based on the assumption that the 
contaminated area represented ten percent of their 
home ranges. When such adjustments are made, the 
analyst should clearly state the justification for the 
assumptions and estimates used. 

The SEAM provides detailed guidance on estimating 
or predicting environmental concentrat:ons in media 
and intermedia transfers of contaminants. In 
addition, it offers a brief discussion on evaluating 
biotic exposure pathways to human populations 
However, the SEA.\1. is specifically intended for 
estimation of human exposure. Since human and 
environmental receptors do not share all exposure 
routes, the analyst will need to go beyond the decision 
models provided in the SEAM to consider expDsure of 
environmental receptors. For example, in the 
exposure assessment for contaminated soil, tl-:t: 
analyst will need to determine if the soii is sterile or 
if it is inhabited by plants and animals If the soil is 
inhabited, the analyst will need to determine if 
organisms are contaminated and, if so, what the 
potential is for ofT-site movement of animals or food 
chain transfer of contaminants. 

5.5 Selection of Assessment and 
Measurement Endpoints 

Based on the available information concernmg the 
site, the contaminants, and the likely exposure 
pathways, the analyst should identify and select 
appropriate endpoints for the assessment. The 
companion volume to this manual discusses in detail 
the distinction between assessment and 



measurement endpoints 3 Assessment endpoints 
are those describing the effects that drive decision 
making, such as reduction of key populations or 
disruption of community structure. Measurement 
endpoints are those used in the field to approximate, 
represent, or lead to the assessment endpoint. If new 
data are to be collected to evaluate these endpoints, 
EPA's guidance on data quality objectives should be 
followed (see Section 5.6). 

5.5.1 Ecological Endpoints 

Toxicity of contaminants to individual organisms can 
have consequences for populations, communities, and 
ecosystems. As discussed in Chapter 3, changes in 
rates of mortality, birth, immigration, and 
emigration can cause population sizes in an affected 
area to increase or decrease. These changes can also 
lead to shifts in the spatial distribution of 
populations in the environment. Such population
level effects may in turn determine the nature of 
changes in community structure and function, such 
as reduction in species diversity, simplification of 
food webs, and shifts in competitive advantages 
among species sharing a limited resource. Finally, 
ecosystem functions may be affected by 
contaminants, which can cause changes in 
productivity or disruption of key processes. For 
example, at a Superfund site contaminated with 
creosote and relatec compounds, the analysts noted: 

The presence of beds of detritus in the stream and 
layers of contaminated undecomposed leaves in 
the soil indic:1~es that litter degradation is not 
occurring, at least not at a natural rate. 

Contaminants can disturb ecosystems in ways other 
than direct toxicity. For example, a chemical that 
decreases available oxygen in aquatic s:·stems car. 
have catastrophic effects, whether or not it is toxic tc 
the organisms there. Contamination leading to 
destruction of terrestrial vegetation can result in 
increased sedimentation of streams, which can 
adversely affect benthic populations that never come 
in con tact with the chemical. Remedial actions tha ~ 
reduce water flow to a wetland or that replace 
indigenous vegetatior. with introduced plant species 
can remove an essential resource for one or more 
species in the community. In assessing the ecological 
effects of a site or its remediation. the analyst should 
consider c:se of appropriate measures of community 
and ecosy~tem function to determine if the weight of 
e\'idence indicates that effects other than toxicity are 
significant. 

To characterize the effects of contaminants on 
populations, communities, and ecosystems, the 

3 Ecoiog•ca! Assess,.7len;s cf Hazardous Waste S•tes: A 
Reference Docurnen<. EPA Qfi,ce of Research and Developmer.t. 
1989 
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analyst may choose one or more measures depending 
on the objectives of the study. 

Cse of these measures will usually require 
comparison of the site to a carefully selected 
reference area. To allow proper comparison, it is 
important that reference areas be chosen that: 

Are in close proximity to the contaminated 
area(s); 

Closely resemble the area( s) of concern in 
terms of topograph~·. soil composition, water 
chemistry, etc.; and 

Have no apparent exposure pathways from 
the site in question or from other sources of 
contamination. 

The RP:\1 or OSC should consult closely with 
technical specialists on specific criteria for selecting 
an appropriate reference area. 

The following are examples of measures that might 
be used to compare contaminated and reference 
areas: 

Population abundance - thl number of 
individuals of a species in a g-iven area, 
usually measured over a period c·-time or at a 
specified time; 

Age structure- the numSer of individuals in 
the population in each of several age cl;.csses 
or life history stages, which can be an 
indic::~tor as to whether the population 1s 
increasing, decreasing, or stable: 

Reproductive potential and fecundity -
expressed as the proportion of females of 
repro d u c: i v e age, t b c n u :n j e r '• f g r a\' i c 
females. the number o; eggs or viable 
o:T5;J:-ir.!; per femc.lt:. or ~he perce:1tage o: 
femaie::; surviving to reprociuctive age: 

Species diversity- the number of species in 
an area (species richness), the ciis~ribution of 
abundance among species (evenness!, or an 
index combining the two: 

Food web or trophic diversity- calcuiated 
in the same way as specie~ diversi:y, but 
classifying organisms accordin; to their place 
in the food web: 

1\utrient retention or loss - the amount of 
undecomposed litter or, conversely, tr.e 
amounts of nutrients lost to ground or surface 
waters; 



Standing crop or standing stock - total 
biomass in an area; and 

Productivity - sometimes determined in
directly by measuring oxygen production by 
the plant community per unit time; ecologists 
also sometimes gauge respiration rates by 
measuring carbon dioxide output per unit 
time, and calculate the ratio of production to 
respiration (P/R ratio) as a measure of the 
efficiency of the ecosystem. 

From measures such as these, specific assessment 
endpoints can be established, such as "reduction in 
population abundanc~" or "reduced fecundity." These 
would then be quantified to develop site-specific 
measurement endpoints, such as "significant 
difference between contaminated and reference areas 
with respect to numbers of organisms or numbers of 

·young per female." 

The analyst should use these measures with a great 
deal of caution. If differences appear in the above 
measures between contaminated and 
uncontaminated areas, it is a complex task to 
demonstrate that the effect observed is the result of 
contamination rather than some other factor. 

In planning an ecological assessment, the OSC or 
RPM will be concemed with potentially affected 
habitats and, through them, potentially affected 
populations. Within eacl: of thPse categories, a set of 
characteristic endpoints will r.eed to be considered, 
and special types will elicit particular attention. 

5.5.2 Evaluation of Potentially Affected Habitats 

Habitats in the vicinity of a Superfund site can be 
affected by 

Direct or indirect exposure to the site's 
contaminants due to tran~:·ort from the 
source; 

Physical disru;Jtion of the habitat due to the 
site's design or operation; 

Chemical disruption of ecosystem processes 
due to the contaminants' interferenct· with 
natura] biochemical, physiological, and 
behavioral processes: 

Physic;.:.! or chemical disturbance or 
destruction due to cleanup or remedial 
acti vi tie:::: and/o:-

Other stresses not related to the site or i ~s 
contaminants, such as extreme weather 
conditions or air pollution. 
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Each of these types of effects will be manifested 
differently in different ecosystems, depending on the 
magnitude of the disturbance and the nature of the 
habitat receiving the disturbance. The various types 
of terrestrial, aquatic, and marine ecosystems each 
have their own particular structures, dynamics, 
energy flows, and transport mechanisms that 
determine how they are affected by chemical or 
physical insult such as might occur at a Superfund 
site. 

Structure and Dynamics 

Planning an ecological assessment should consider 
collection of qualitative and (where feasible) 
quantitative information about the structure and 
dynamics of biotic communities that are potentially 
threatened, with sufficient detail to 

Decidt. whether a detailed ecological 
assessment is necessary, 

Develop a defensible professional judgment 
as to the likelihood of contaminatior and 
adverse effects, and 

Define study goals and data quality 
objectives for an ecological assessment if it is 
justified by the preliminary evidence. 

When considering study objectives for an ecological 
assessment, ~he RPM or OSC may wish to specify 
that data be collected to support calculation of certain 
measures of community structure and function. 
These include determining species diversity and 
community productivity. It is important to recognize 
that such measures were not designed for the purpose 
of estimating or demonstrating environmenta: harm, 
and they may be inappropriate for many sites \\'nen 
these measures are used, they should not be relied 
upon to the exclusion of other infor-mation. :-athe:-. 
they may acic to the weight of evidence supportir::: J 

pa:-ticular conclusion abo~t a site and ;~:-: 
con~aminants. L"sed properly, in ciose consul~ati\•n 
wi~il technical specialists, these lileasures ITW\ nt·.p 
to: 

Delineate the extent o: contamination <J.: 3 

site, and/or 

Document the ecological effects of 
contamination. 

Measures of biotic diversity have often been usee tc' 
aid in characterizing community structure. The use 
of these measures in the context of hazardous waste 
sites rests on the premise that a disturbed or stressed 
area will exhibit changes in the compositior. and 
relative abundance of species as compared to a 
reference area that appears not to be contaminated 
When using diversity indices or measures of 



community structure, the analyst should choose for 
study those segments of the ecosystem that are likely 
to: 

Be exposed to the contaminants of concern, 
and/or 

Contain organisms suspected of being 
vulnerable or sensitive to those contaminants 
or the effects of remediation. 

Thus, for example, if the chemicals are present in 
surface soils, it would probably be useful to apply 
diversity comparisons to the soil o!· leaf litter 
organisms at a potentially affected site and a 
reference area. 

The Office of Research and Development volume, 
Ecological Assessments of Hazardous Waste Sites: A 
Reference Document, contains detailed discussions of 
assessment and measurement endpoints for 
evaluating community and ecosystem level effects. 

Significance and Uniqueness 

The significance or uniqueness of an environment is 
often a subjective judgment, that may be determined 
by social, aesthetic, or economic considerations. Some 
environmef'~s. such as critical habitats for 
endangered species, are defined b:· law. To the exte:1t 
that these concerns can be spelled out in the 
definition phase, they should be articulated with 
regard to any such habitats. Generally speaking, 
environments may be considered significant because, 
in the professional opinion of technical specialists. 
they: 

Are unusually large or small, 

Contair. an unusualiy la:ge r.umber of 
spec1es, 

Are extremely productive (Such as a:1 
important f:.she:-y !, 

Contain species considered rare m the area, 
or 

Are especially sensitive to disturbance. 

In defining the scope of an ecological assessmen:.. 
consideration of such environments should be simila:
to that given to rare and endangered species (see 
below). These areas may have unusual uncierlying 
physical and chemical characteristics that may affect 
removal and remediation decisions. The existence, 
location, and sensitivity of such environments should 
be noted, and study objectives may need to be 
developec to reflect the potential exposure of these 
special areas to contamination. 
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5.5.3 Evaluation of Potentially Affected 
Populations 

Productivity and Abundance 

Ecologists use the word "productivity" to mean the 
rate at which new biomass is produced per unit time. 
Plant stress may be a useful indicator of reduced 
productivity in an affected area. Visual inspection of 
the site during an initial visit may be sufficient to 
identify probable stress on terrestrial vegetation 
(such as yellowing, leaf drop, or other symptoms), but 
it is important to bear in mind that the cause could be 
something other than toxic effects of the 
contaminants. Reduction in the growth of plants in 
terrestrial or aquatic habitats will not be as easily 
observed and may require a detailed botanical survey 
in comparison to a reference area to he verified 
Bioassays may need to be conducted to determine if 
the productivity of the plant community is being 
affected, and whether or not contaminants from the 
site are implicated. Toxic effects may be determined 
in tests using algae or easily grown terrestrial plants 
as tes:. species. Seed germination, root elongation and 
morphology, and plant growth assays can be used to 
evaluate contaminated soils' effects on plant 
development. 

Toxic chemicals may exhibit a wide range of effects 
that can ultimately influence p-oductivity and 
abundance of animals. Effects of contaminants on 
animal productivity can be assessed through the use 
of field ecological studies, on-site toxicity tests. and 
laboratory tests. Study designs and data quality 
objectives for field and laboratory studies should be 
den·loped to determine exposure concentrations :::nd 
the~~ likely relation to observed or suspected effect;::_ 

The RP:\1 or OSC should seek out trend data sue:. ,l~ 
popuiation fluctuations of key species over time Sue~, 
information may bl available from State :::nci Fede:~,: 
fish and game personnel, or from pre\·iou~ 
environmental analyses (such as an Environmen~al 
Impact Statement) conducted in the vicinity of :~e 
site. These data can assis: analysts in distin;:-·--.:.ishir.g 
tv_;tween normal fiuctuations and changes :r.at may 
be attributable to the effects of contamin3.tio:1 

Rare, Threatened, and Endangered Species 

By definition, endangered and threatened s:>ecie:' c.:e 
already at risk of extinction: the loss of o:<y <: fc:"· 
ir.di\·iduals from the population may have signif:c~1:-.: 
cv:sequences for the continued exister~ce of t}~c 
species. In the definition pha:::e cf' the assessmcr.~ 
process, the presence of threa: e ned or en cia n ge :•:d 
species, and/or habitats critical to their su:vivc.:, 
should be documented. If information is a·;ailable on 
these or related species' sensitiYity to contaminant,; 
of concern, this should also be indicated. The RP:\1 o: 
OSC should consult with Federal and State nature:.! 



resource trustees or other specialists to determine the 
location of such species and their potential for 
exposure to the contaminants. 

Rare species may present a more difficult problem for 
ecological assessment. A species may be rare in a 
given locale because: 

The area is at the edge of the species' 
principal geographical range, 

The natural habitats available in the area 
are only marginally able to support the 
spec1es, 

The species may be prevented from attaining 
high numbers by competition from other 
species or by predation, or 

The species depends upon rare habitats or 
food sources for its continued existence. 

If a species is rare, but not legally designated as 
either threatened or endangered, the RPM or OSC 
will have to depend on consultation with local 
ecologists and other experts to determine the 
importance of the species in the context of the site. 

The major sources of information on rare, threatened, 
and endangered species are field offices of the Fish 
and Wildlife Service (U.S. Department of Interior) 
and the .1'\ational Oceanic and Atmospheric 
Administration (U.S. Department of Commerce), 
officials of State fish and game departments and 
natural heritage programs, and local conservation 
officials and private organizations. 

Potentially Affected Sport or Commercial Species 

In planning an ecological assessment, the analyst 
should note potential effects on species that are of 
recreational and commercial importance. In addition, 
species such as food sources that directly support 
these important species, and habitats essential for 
their reproduction and survival, should be considered 
in the planning and assessment process. 

Information on which species are of recreational or 
commercial importance in an area can be gathered 
from State environmental or fish and wildlife 
agencies, Federal agencies such as NOAA and the 
u.S. Fish and Wildlife Service, and local 
conservation and fish and game personnel. 
Commercial fishermen's and trappers' associations 
may also be \'aluable sources of data. 

Most States maintain fish stocking programs for 
sport or commercial fisheries. The agencies running 
these programs can provide information on where 
fish are stocked and released, and the areas to which 
they migrate. Many States also gather creel survey 
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data for stream reaches or other bodies of water, and 
collect harvest data for management of deer, game 
birds, and other animals. 

5.6 Sampling and Analysis Plan 

The planning stage of the ecological assessment 
process culminates in the Sampling and Analysis 
Plan (SAP), which consists of a Field Sampling Plan 
and a Quality Assurance Project Plan (QAPP). In 
directing the preparation of the SAP, the OSC or 
RPM should be satisfied that the following questions 
are answered: 

What are the specific objectives of the sampling 
effort? 

How will the proposed data collection meet those 
objectives? 

Will the sampling plan (types, number, 
distribution, and timing of samples) provide 
sufficient information to meet the objectives? 

Does the sampling plan address all important 
exposure pathways and environmental receptors? 

Does the sampling plan make the best use of 
preexisting data and sampling locations? 

Is the sampling of the various media associated 
with the site coordinated to allow maximum 
integration of the data (e.g., to measure or predict 
intermedia transfer of contaminants)? 

5.6.1 Field Sampling Plan 

To address all of these issues effectively, a Sampling 
and Analysis Plan should be developed that takes 
account of: 

Actual or potential sources of contaminant 
release, 

The media to which contaminants can be or are 
being released, 

The organisms that can come into contact with 
the contaminants, and 

The environmental conditions under which 
transport and/or exposure may be taking place. 

Identification of exposure routes and media should 
lead in turn to a selection of the most appropriate 
plant and animal species to be sampled for analysis of 
contaminant concentration, toxicity testing, or other 
measures of potential effects. If food-chain transfer of 
contaminants is suspected, information on the 
trophic structures of affected ecosystems will be 



needed to determine which species should be 
examined for chemical residues. 

Biological data to be collected in conjunction with 
these analyses may include such parameters as dry 
weight of tissues or organisms, percent moisture, 
lipid content, and the size and age or life stage of the 
organism. Contaminant concentrations may need to 
be expressed relative to the whole-body weight 
(sometimes minus the intestines) or weight of the 
edible portion (for input to human health studies). 

Depending on the media to be sampled, the 
contaminants of concern, and the organisms under 
study, the sampling plan will also require collection 
of data on environmental conditions at the time of the 
study. For aquatic systems, these include: 

Water quality parameters such as hardness, 
pH, dissolved oxygen, salinity (for marine 
ecosystems), temperature, presence or absence of 
thermocline, color, dissolved organic carbon, 
conductivity, and total suspended solids: 

Hydrologic characteristics such as flow rate, 
ground-water discharge/recharge rates, aquifer 
thickness and hydraulic conductivity, depth, 
velocity and direction of current, tidal cycle and 
heights, and surface water inputs and outflows; 
and 

Sediment parameters such as grain size 
distribution, permeability and porosity, bulk 
density, organic carbon content, pH, color, 
general mineral composition, benthic oxygen 
conditions, and water content. 

For studies of potentially contaminated soil, 
information wil: be needed o;. such parameters as 
particle size, permeability and porosity, fraction and 
total organic carbon. pH, redox potential, water 
content, color,anci soi: type. 

The OSC or RP:\1 should consult the SEAM and 
technicai specialists to determine the specific set of 
er.vironmental parameters that should be measured 
to permit effective anal:>sis of contaminant fate, 
transport, exposure, and e!Tects. 

5.6.2 Quality Assurance 

EPA polic: requires that all Regional Offices, 
program of::ces, laboratories, and States participate 
in a centrally managed quality assurance (QAl 
program. This requirement applies to all 
environmental sarr.pling, monitoring, and 
measurement efforts mandated or supported by EPA 
through regulations, grants, contracts, or other 
formal means. Each program office or laboratory that 
generates data must implement minimum 
procedures to ensure that the precision, accuracy, 
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completeness, and representativeness of the data are 
known and documented. 

To ensure that these responsibilities are met 
uniformly across the Agency, each EPA program 
office or laboratory must have a written Quality 
Assurance Project Plan (QAPP) covering each 
monitoring or measurement activity within its 
purview. These Quality Assurance and Quality 
Control (QA/QC) requirements apply for all 
monitoring at all Superfund sites or at any location 
where toxic substances have been released to the 
environment. 

QAPPs are written documents for all planned 
sampling or monitoring at a named location, 
including ecological assessments of Superfund sites. 
The program office, Regional Office, contractor, 
grantee, State, or other organization mus~ prepare 
and receive written approval for the QAPP for the 
specific sampling and measurement program before 
the field or laboratory work can begin. 

The QAPP presents, in specific terms, the policies, 
organization, objectives, functional activities, and 
specific QA/QC activities designed to achieve the 
data quality goals for single or continuing activities. 
The QAPP must cover all environmentally related 
measurements, including but not limited to: 

The measurement of physical, chemical, or 
biological variables in air, water, soil, or other 
environmental media; 

The determination of the presence or absence of 
pollutants or contaminants in waste streams or 
site media; 

The assessment of ecological effects studies~ 

The study of laboratory simulation of 
environmental events; and 

The study or measurement of pollutant transpor: 
and fate, including diffusion (i.e., dispersion anc 
transport) models. 

The QAPP serves two important functions. First. i;. 
seeks to ensure that as much as possible is done at the 
beginning of a study to achieve the QA objectives for 
the data. Second, it allows for analysis of the study to 
determine what improvements can be made if Q . .'.. 
objectives are not met. The plan cannot guarantee 
results. but it requires the analyst to justify a 
particuiar approach before proceeding. 

For each major measurement variable, the QAPP 
must state specific data quality objectives. This is 
usually accomplished by preparing a table listing the 
variable, the sampling method, the measurement 
methoJ, the experimental conditiom, the target 



precision (measured in relative standard deviation), 
the target accuracy (measured in acceptable relative 
deviation from the true value), and the completeness 
(measured in terms of percent coverage). The RPM or 
OSC should also require project analysts to specify 
clearly: 

What tests are to be performed, 

What measurements are to be taken, and 

How the results will be used (e.g., estimate 
exposure, correlate diversity or abundance with a 
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chemical gradient, predict population response to 
ambient contaminant levels). 

Consultation with a technical assistance group to 
define data needs and study goals is essential for the 
successful specification of data quality objectives. 
The ecological assessment is not a research project 
and thus should not be expected to entail long-term 
field studies. With the guidance of technica I 
specialists who understand both the scientific 
questions at issue and the exigencies of the 
Superfund program, it is possible to defint:: carefully 
delineated studies to collect the data needed for 
making reasoned judgments on Superfund sites. 



Chapter 6 

Organization and Presentation of an Ecological Assessment 

This chapter provides a checklist of the basic ques
tions that should be asked in an ecological 
assessment. It is intended to ensure completeness anc 
consistency in the reporting of assessment results. 
The amount of detail required in a given report will 
depend upon the scope of the study, as determined in 
the iterative planning process discussed in Chapter 5, 
and the amount of data collected in the investigation. 
Regardless of the level of detail, the assessment 
report should be clear and concise, to ensure that the 
results are readily understood and properly 
interpreted. 

To aid Agency review of assessments, metric units 
should be used throughout. These include 
specification of appropriate units in chemical 
quantification such as pg/1, pg/g, etc., instead of 
mixing ratios such as ppb or ppm. 

Some information, such as characterization of the 
site or the contaminants of concern, may have been 
given in other sections of a report such as an RI or 
Action Memorandum. If so, the information can be 
referenced; however, the analyst may wish to 
summarize such information in the ecological 
assessment section. 

6.1 Specify the Objectives of the 
Assessment 

As discussed in Section 5.1, an ecological assessment 
may be undertaken for a variety of reasons, from 
evaluating the threat posed by a site to examining 
the effects of remedial alternatives. For exampie, for 
two sites evaluated by EPA's Environmental 
Response Team, the assessment objectives were 
stated as follows: 

The main objective of this ... investigation was to 
generate data that could be utilized for the 
determination of site cleanup criteria for the 
creosote contaminated soils and sediments in the 
floodplain of the Creek. 

The objective of this study was to determine if the 
arsenic compounds present in the water and 
sediments of the River watershed 
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are resulting in an adverse ecological impact. The 
data collected [were] utilized in conjunction with 
existing data to determine the bioavailability 
and toxicity of arsenic contamination to the 
resident aquatic biological communities, and [to] 
quantitatively assess impacts. 

6.2 Define the Scope of the Investigation 

This section of the report should describe the kind 
and amount of information that was collected in the 
study. The analyst should describe the data in terms 
of the physical, biolog-ical, and c~emical parameters 
measured, estimated, or calculated in the 
assessment. It is also important to specify the time 
frame of the study: 

Over what time period(s) and in what season(sl 
were the data collected? 

At what time intervals were samples taken'l 

Were the data used to assess current effects or 
past damage, or to predict future scenarios? 

The discussion gives the reader a clear indication of 
the nature, depth,· and boundz:rie~ of the 
investigation. Was the assessment, or the cia:a t.:.-;l:d 

in the assessment, based or. long-terrr. stud;es o: ~he 
site and its surroundings or do the ciat<.. provicc a 
"snapshot" of the site in a restricted time period"\\" a:c 
the sampling extensive or limited to specific <.lreas" 
Are the analyses reasonably strai§?!ltforwarc or :1re 
considerable inferences and professional judgmcr.ts 
involved? 

6.3 Describe the Site and Study Area 

In this section, the analyst should provide a physical 
description of the site at a level o:· detail appropriate 
to the scope of the assessr..ent. Tne study are2. for 2.n 
ecological assessment may extend well L~ yond the 
boundaries of the area in which hazardou~ wastes 
have been stored or released. For example, dependinf:: 
on thEe available pathways for exposure and tile 
habitats potentially exposed to contamination, the 
area under investigation might include portions of 
several tributaries of a potentially af:ccted nver, a 



wetland downhill or downstream from a release 
source, or a wildlife refuge within the same drainage 
basin as a waste site. 

The description should include the size of the area (in 
metric units) within the physical boundaries defined 
for the assessment and the size of physical features 
such as stream reaches, roads, wetlands, or forested 
areas. The report should provide a map of the area, 
showing all physical features at a minimum resolu
tion equivalent to a 7.5' USGS quadrangle map, 
marked to show any changes to the topography up to 
the present time. This map should include all 
potentially affected areas linked to the contaminated 
zone by pathways of concern through any media, 
samnling locations, and any reference areas selected 
for the investigation. An example of such a map is 
given in Figure 6.1. 

A brief description of the contamination that led to 
listing of the site, or a reference to such a description 
should be included, giving dates where possible. 

The description of the site and study area should 
provide a full accounting of the ecosystems and 
populations potentially exposed to contamination. 
This may be accomplished with a narrative 
description of each habitat (e.g., oak-hickory forest, 
Spartina salt marsh, etc.), accompanied by lists or 
tables of species collected or observed there. The 
resident and transient flora and fauna should be 
described, or if catalogued, the table can be 
referenced. Where relevar::, it shoulC be noted if a 
cited species is: 

Resident, breeding, or a rare or frequent 
transient (e.g., migratory waterfowl), 

Endangered or threatened, or 

A natural resource trustee concern. 

The significance, uniqueness, or protected status of 
potentially exposed ecosystems (as discussed in 
Chapter 5) should also be noted and documented. 

Other information with possible bearing upon the 
ecological characteristics of the site shoulc be 
provided, such as cu:-rent or projected land uses. 
proximity to population centers, indu::try, 
agriculture, or hunting areas: and special climatic 
conditions affecting movement, availability, or 
effects of contaminants. 

Finally, the site description should include narrati\·e 
characterizations of: 

Likely or presumed exposure pathways, such as 
surface water, air, soils, sediments, or vegetation: 
and 

50 

Any readily observed effects potentially 
attributable to the site, such as stressed or dead 
vegetation, fish kills, or unusual changes in 
species composition or distribution in a habitat. 

6.4 Describe Contaminants of Concern 

The ecological assessment should specify which 
contaminants at a site are of particular concern from 
an ecological perspective. This Jist may differ 
somewhat from those contaminants that raise ques
tions about human health risks. For example, a given 
chemical may exhibit low toxicity toward mammals 
but be highly toxic to fish, invertebrates, or plants. 
The fate of a contaminant in the environment may 
make it unavailable for human exposure while in
creasing exposure for other organisms. For instance, 
a chemical that is found to be adsorbing to soil and 
sediment particles may pose little risk to humans, 
but may cause considerable disruption of terrestrial 
vegetation or benthic invertebrates. 

Results of chemical analyses should be presented in 
tabular form, identifying compounds and the media 
in which they were found. If tables of data from the 
human health evaluation are used by reference, it is 
important to report measurement!' of parameters 
affecting the toxicity to biota, such as alkalinity or 
total organic carbon. It is important to note the 
source of all analytical data, including laboratory, 
CLP cer~ification, sampling and analytical method, 
and date of analysis. Data may be summarized, but 
both tnl mean and range should be inciuded, along 
wit!-: ar. explanation of how anc why calculations 
were made. The report should explain how non
detects, replicates, duplicates, etc. were tnated in the 
statistical analysis. All sample data should be 
accounted for: infrequency of detection (rarity) is an 
unaccept.r:.ble explanation for culling a particular 
da ~a i terr. from the sample. The report should 
describe ooth laboratory and field analysis of 
cor.:aninants, along with variances from detection 
lim:ts that affect the applicability of the data to the 
S~UQ\" 

6.5 Characterize Exposure 

This section should identify actual and potential 
exposure pathways, taking into account 
environmental fate and t:-ansport through bo~h 
physical and biological means. The anal:·st should 
consult the Superfund Exposure Assessment Mcnua[ 
anc technical specialists to make sure that all J:f.;ely 
exposure pathways have been considerec: In 
discussing the investigation of exposure pathways. 
the report should describe each pathway by 
chemical(s) and media involved, and icier":::· the 
pathway in space and time with respec to :he site 
and the period of investigation. If contaminant 
concentrations and effects data (such as toxicity tests 
or population studies) correspond to identified 
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pathways by spatial or temporal gradient, their 
presentation should demonstrate the correlation. 

If sampling stations have been selected to measure 
concentrations of contaminants along likely exposure 
pathways, the sampling data should be presented in 
such a way as to allow the reader to see quickly the 
relationship between a sample's location and its 
contaminant levels. For instance, stations can be 
numbered in a sequence that indicates their relative 
distance from the source of contamination, as shown 
on a map of the study area. Another method is to 
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present the data on a scatter diagram, in which 
sampling locations are shown as points on a graph 
with distance from the source given on the X-axis and 
concentrations on theY-axis. Ideally, concentrations 
of kev contaminants should be displayed in graph 
form ~ith geographic locations indicated (see Figure 
6.2) or on a map (see Figure 6.3). 

Results of toxicity tests may also be effectively 
displayed using maps. For example, in a study of the 
effects of PCBs and other contaminants at a 
Northeastern site, the researchers showed the results 
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Figure 6.2 Graphic display of contaminant concentrations. 

of toxicity testing on a map of the affected area 
(Figure 6.4). This type of presentation makes readily 
apparent the relative hazard associated with 
different locations. 

If such gradients are not apparent, or are 
contradicted by other data, the analyst should discuss 
the possible reasons for the discrepancy in the report. 
If exposure pathways are modeled, the report should 
clearly state the limiting assumptions of the model(s) 
used. A full reference for every model used in the as
sessment should be included. The analyst should 
characterize the uncertainty associated with all 
parameters that are measured or modeled, and 
specify statistical significance levels for quantitative 
results. 

If the analysis uses data from toxicity tests, 
population studies, or other effects-related 
investigations, to demonstrate that exposure has 
occurred, the report should carefully explain the 
limitations of the data. For instance, the site and 
reference area might differ in terms of the degree of 
physical disturbance, which may account for some of 
the observed effects. If toxicity test results are 
presented in the form of LDsos or EDsos, they should 
be shown graphically on a log pro bit scale. 
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6.6 Characterize Risk or Threat 

In characterizing risks or threats to environmental 
receptors associated with Superfund sites, the 
analyst should try to answer the following questions: 

What is the probability that an adverse effect wi]; 
occur? 

What is the magnitude of each effect? 

What is the temporal character of each effect 
(transient, reversible, or permanent)? 

What receptor populations or habitats will be 
affected? 

Depending on the assessment objectives and the 
quality of the data collected, the answers to these 
questions will be expressed quantitatively, 
qualitatively, or a combination of the two. 

If water quality or other criteria have been exceeded 
at a site, this may be sufficient in some cases to 
justify remediation. In presenting the data, the 
analyst should document the number and location of 
sampling results that exceed the acute and/or chronic 
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criteria for the protection of the species and habitat of 
concern at a site. The number of exceedences can be 
compared to the number of total measurements for 
each contaminant in a table. In addition, the 
locations of all exceedences and the locations of all 
measurements can be shown with different svmbols 
on a map. Use of a map can be especially heipful if 
contaminant concentrations form a reasonably clear 
gradient leading a way from the source. 

Beyond criteria exceedences, however, risk 
characterization is most likely to be a weight-of
evidence judgment. The analyst should present a 
summary of the risk-related data concerning the site, 
including: 

Environmental contaminant concentrations, 

Contaminant concentrations in biota, 

Toxicity test results, 

Literature values of toxicity, 
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Measures of community structure and ecosystem 
function. 

If the contaminants at the site are exerting a clear 
effect, the data from all of these studies will, on 
balance, support the conclusion that an effect is 
occurring. If the data are ambiguous, the analyst 
should try to discern the reasons for conflicting re
sults and present those reasons along with the 
rationale for the conclusion reached 

Ecological risk characterization entails both 
temporal and spatial components. In describing the 
nature and probability of adverse effects, the analyst 
should also consider such questions as: 

How long will the effects last if the contaminants 
are removed? How long will it take for receptor 
populations to recover from the effects of the 
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contaminants? Will there be intergenerational 
effects? 

Will the contaminants move beyond the current 
area of study through biotic transport? What 
effect will remediation have on this movement? 

If there are community and ecosystem effects of 
the contamination, is removal of the 
contaminants sufficient to restore communitv 
structure and ecosystem function? If not, wha·t 
else will be needed? 

How do the data on exposure and observed or 
predicted effects relate to the rapidity of response 
required? Which responses are required 
immediately? Which can or should be undertaken 
later? 

What limits will proposed remediation or 
mitigation actions place on future options for 
further remediation, follow-up assessment, and 
resource use? 

Questions like these will most likely be answerable 
only in narrative form, as an expression of best 
professional judgment by a qualified ecologist. 
Nonetheless, they lie at the heart of ecological 
assessment. Many populations and ecosystems 
exhibit considerable resilience in the face of 
disturbance; in fact, change is more common in 
ecosystems than stability. Populations are 
continually increasing and decreasing due to natural 
cycles and chance occurrences. In many situations, 
when a source of contamination is removed, natural 
systems will rapidly recover their former appearance. 
Hence, for the same amount of chemical released, the 
risk associated with an acute1v toxic but short-lived 
chemical may be considered i-mportant but less so 
than a moderately toxic chemica: tnat is highly 
persistent. 

6. 7 Describe the Derivation of 
Remediation Criteria or Other Uses 
of Quantitative Risk Information 

If water quality or other criteria are available for 
comparison to observed concentrations of con
taminants, the analyst should try to show the data 
along with applicable criteria so that exceedences are 
easily apparent. Table 6.1 is an example of this kind 
of presentation If criteria exceedences occur along a 
cleariy identified gradient, the data may best be 
presented in a map. 

Remediation criteria may also be derived from risk 
information developed for use under other 
environmental statutes, such as the Toxic Substances 
Control Act or the Federal Insecticide, Fungicide and 
Rodenticide Act. If the report recom:nends remedi
ation criteria based on such information, the analyst 
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Table 6.1. Example of Presentation of Criteria Exceedences 

Mean and Max1mum Sur1ace Water Concentrations (!JQ'II 1n On· 
Stte LaKes at a Landfill 

Ooserved Water Oualt:y 
Concentrat:ons Cnterta• 

Chemtcal Mean Maxtmum Acute 

Ammonta 160" 6.aoc· 20 

Copper 16 50" 48 

Cyantde NE 0.04" NO 

Iron 125 1,300" 300 

ZtnC 20 150" 30 

Phenol NE 2 ,. 

a Feaeral. state. or county cntena used as ava1lable 
Key: NE Not evaluated 

NO No detectable amount perm1ttec 
Crttena exc8edec 

Chrontc 

20 

29 

NO 

300 

30 

should give a full reference citation for the source of 
reference doses, standards, or risl: assessments use in 
calculating the criteria. In addition, the analyst 
should provide an explanation of", or reference for, the 
calculation method used to deveiop the criteria. 
Equations and parameters (such as exposure factors) 
used in the calculations should be provided in the text 
or referenced. 

6.8 Describe Conclusions and Limitations 
of Analysis 

Assessment of Superfund sites will depend primarily· 
on the weight of evidence supporting particular 
conclusions, since eco logica 1 effects se lciom occur ir. 
isG iation from other stresses. To accomplish this. it 
may be necessary to use a variety of measurements ir. 
an effor: to establish that a trend is likely in the d<:H~. 

For example. in 2 study of an arsenic-cor.taminatec 
site and a nearby river system, the analysts 
compared several different indices of species 
diversity for benthic invertebrates (figure 6.5' and 
examined differences in the trophic structure at the 
various sampling locations (Figure 6.6). Analysts 
next combined these data with information on 
contaminant concentrations and toxicity tes:s. They 
concluded that arsenic concentrations in :};,_ stream 
sediments were significantly affecting bentn1c inver
tebrates downstream from the contamination source 

In presenting conclusions from an ecological 
assessment, the analyst should address the degree of 
success in meeting the objectives of the evaluation. 
The report should present each conclusion, along 
with the items of evidence that support and fail to 
support the conclusion, and the uncenaintv 
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Figure 6-5 Graphic display of species diversity Indices-

accompanying the conclusion. Analysts should also 
describe factors that limited or prevented 
development of definitive conclusions. 
The process of assessing ecological effects is one of 
estimation under conditions of uncertainty. To 
address this necessary reality, the analyst should 
provide information that indicates the degree of 
confidence in the data used to assess the site and its 
contaminants. In summarizing assessment data, the 
RPM or OSC should specify sources of uncertainty, 
including: 

Variance estimates for all statistics; 

Assumptions underlying use of statistics, indices, 
and models; 
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Compos1t10n of FunctiOnal Feeding Groups at 
Benth1c Invertebrate Sampling S1tes 

Percent Compos1t1on 
50~-------------~ 

I 

40 

30 
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D P1ercers • :'v11sc. Omn:vores I 

------- Branch ------- R:ver 

Figure 6.6 Graphic display of trophic structure. 

The range of conditions under which models or 
indices are applicable; and 

:"'arrative explanations of other sources of 
potential error in the data (e.g., unexpected 
weather conditions, unexpected sources of 
contamination). 

Ecological assessment is, and will continue to be, a 
process combining careful observation, data 
collection, testing, and professional judgment. By 
carefully describing the sources of uncertainty, the 
analyst will strengthen the confidence in the con
clusions that are drawn from the analysis. 



·--

Chapter 2 

Potential ARARs and "To-Ee-Conside:=-ed" Guidelines 
Pertinent to PCB Contamination Sites 

Actions taken at Superfund aitea must aeet the mandates 
of C!RCLA as provided tor in the XCP. This requires that 
remedial actions protect human health ~d the environaent, 
comply with or waive applicable or relevant and appropriate 
requirements, be co•t-ettective, and utilise permanent 
•olutiona and alternative treataent technoloqiea or resource 
recovery technoloqiea to the aaziaum extent~ractic&ble. In 
addition, there ia a preference for raaediea that .. ploy 
treatment that peraanently and •iqniticantly reduces the 
aobility, toxicity, or voluae of hasardoua •ubatance• •• a 
principal elamerit. Althouqh the baaic Superfund approach to 
addr•••inq PCB-contaminated •itea ia conaiatent with other 
laws and requlation•, this consiatency must be documented in 
the feasability •tudy and ROO to demonatrate that ARARa have 
been attained or vaived. Primary ~ederal ARAR• for PCBa 
derive from the Toxic Substances Control ~ct (TSCA) and the 
Resource Conservation and Recovery Act (RCRA). 

------·--

TSCA requires that material contaminated with PCB• at 
concentrations of so ppm or qreater be diapoaed of in an 
incinerator or by an alternate method that_achie~~·-• level 
ot performance equivalent to incj,.n_eratio~ Liquida at- ----
concentrations-LCove 50 ppm but l••• than 500 ppm and aoils 
contaminated above 50 ppm may alao be diapoaed of in a 
chemical waste landfill. 

RCRA requiraments apply to PCBa when liquid waste that 
is hazardous under RCRA contains PCB• at concentrations 
qreater than 50 ppm or non-liquid hasardoua vaate contain• 
total HOCs at concentrations qreater than 1000 ppa. ~he 
land 4i•poaal re•triction• require that prior to placinq 
this material on the land, it au•t ~ incinerated unl••• a 
treatability variance i• obtained. 

other requir .. ent• that derive fro• the Clean Water Act 
(CWA) and sate Orinkinq Water Act (SOYA) and their 
iaplementinq requlationa aay apply or be relevant and 
appropriate when the •ite involves •urface or qroun4 water 
contamination. 
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2.1 National Contingency Plan (NCP) (t: .s. EPA, l990a) 

The primary regulation that governs actions at PCB
conta~inated Superfund sites is, of course, the National 
Contingency Plan (NCP), which defines the framework !or 
addressing the requirements o! CERCLA. The provisions of 
the NCP form the basis !or the guidance provided in this 
document and will not be discussed in detail here but will 
be discussed in each section as they form the basic 
structure for the approach. The NCP implements the 
following CERCLA requirements: • 

o Protect human health and the environment (CERCLA Section 
121(b)) 

o Comply with the applicable or relevant and appropriate 
requirements (ARARs) of Federal and State laws (CERCLA 
Section 121 (d) (2) (A)) or justify a waiver (CERCLA 
section 12 1 (d) ( 4 ) ) 

o Be cost-effective, taking into consideration short- and 
long-term costs (CERCLA Section 12l(a)) 

o Utilize permanent solutions and alternative treatment 
technologies or resource recovery technologies to the 
maximum extent practicable (CERCLA Section 121(b)) 

o satisfy the preference for remedies that employ 
treatment that permanently and significantly reduces the 
mobility, toxicity, or volume of hazardous substances as 
a principal element or provide in the ROO an explanation 
of why treatment was not chosen. (CERCLA Section l2l(b)) 

The nine evaluation criteria discussed in Section 5 are 
designed to elicit the appropriate information that will 
form the basis for demonstrating that these requirements 
have been satisfied. Because remedies must attain the ARARs 
of other Federal and State laws, some background and summary 
material on the ARARs that address PCB contamination is 
presented in this section. 

ARARs tor treating or managing PCB-contaminated material 
derive primarily from two seta of regulations: the Toxic 
Substances Control Act (TSCA) PCB regulations and the 
Resource Conservation and Recovery Act (RCRA) land diapoaal 
restrictions (LDRs). Where PCB• affect ground or surtace 
water, the sate Drinking Water Act (SDWA) and Clean Water 
Act (CWA) may provide potential ARARs tor establiahing 
remediation goals; i.e., Maximum contaminant Levels (MCLs}, 
Maximum Contaminant Level Goals (MCLGs), and Water Quality 
Criteria (WQC). In addition, the PCB Spill Policy, which is 

10 



not an ARAR although it is published in the Code of Federal 
Regulations, should be considered when dete~ining cleanup 
levels at a site. Other "to-be-considered" (TBC) 
information is provided by guidances developed by the Office 
of Toxic Substances to assist in implementing the PCB 
regulations of TSCA. 

2.2 TSCA PCB Regulations 

The TSCA PCB regulations of importance to Superfund 
actions are found in 40 CFR Section 761.60 - 761.79, Subpart 
D: Storage and Disposal. They specify treatment, storage, 
and disposal requirements for PCBS based on their form and 
concentration. The disposal options for Pes-contaminated 
material are summarized in Table 2-1 and discussed in the 
following sections. A final section describes the storage 
requirements. 

TSCA requirements do not apply to PCBs at concentrations 
less than 50 ppm; ho~ever, PCBS cannot be diluted to escape 
TSCA requirements. Consequently, under TSCA PCBs that have 
been deposited in the environment after the effective date 
of the regulation, February 17, 1978, are treated, for the 
purposes of determining disposal requirements, as i! they 
were at the concentration of the original material. For 
example, if PCB transformers leaked oil containing PCBs at 
greater than 500 ppm, the soil contaminated by the oil would 
have to excavated and disposed of as if all of the PCB
conta~inated soil contained PCBs at greater than 500 ppm. 
This reflects an interpretation of the anti-dilution 
provisions in TSCA (40 CFR 761.l(b)) and was developed with 
the intent of eliminating the incentive responsible parties 
might have to dilute wastes in order to avoid regulation. 

EPA has clarified that the TSCA anti-dilution provisions 
are only applicable to CERCLA response actions that occur 
once a remedial action is initiated (U.S. EPA, 1990a). In 
selecting response action strategies and cleanup levels 
under CERCLA, EPA should evaluate the form and concentration 
of the PCB contamination "as found" at the site, and dispose 
o! it in accordance with the requirements o! 40 CFR 
761.60(a){2) - (5). Cleanup levels and technologies should 
not be selected based on the form and concentration of the 
original PCB material spilled or disposed of at the site 
prior to EPA's involvement (i.e., the anti-dilution 
provision of the PCB rules should not be applied). Because 
EPA comes to a site under the CERCLA after the pollution has 
already occurred, and is acting under statutory mandate to 
select a proper cleanup level, EPA is not subject to the 
anti-dilution provision at CERCLA sites when it selects a 
remedy. However, the Agency may not further dilute the PCB 
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Table 2-1 
RE~DiA TIO~ OPTIOSS FOR PCB WASTE Li'.""DER TSCA 
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waste in order to avoid the TSCA PCB disposal requirements 
as part of a CERLCA cleanup. 

2.2.1 Liquid PCBs at Concentrations Greater Than 500 ppm 

-------------------------------------------------------
Remediation Options for PCB Waste Under TSCA/RCRA 

Waste Cat. 40CFR Sec. Inc in. High Eff. Alt. 
761.70 Boiler Method 

7~ldSQ 76l:60(~l 

Liquid PCB 761.60 X • X 

Other Liq. 
also Haz. 268.42(a) (1) X X 

Liquid PCBs at concentrations greater than 500 ppm must 
be disposed of in an incinerator which complies ~ith 40 CFR 
761.70 or by an alternative disposal method that achieves a 
level of performance equivalent to incineration as provided 
under 761.60(e). This has been interpreted to imply that 
treatment residuals must contain less than 2 ppm PCBs. 

2.2.2 Liquid PCBs at Concentrations Bet~een 50 ppm and 500 
ppm 

Remediation Options for PCB Waste Under TSCA/RCRA 

Waste Cat. 40CFR Sec. Inc in. High Eff. Alt. Chem. 
761.70 Boiler Method Waste 

761.60 761.60(e)Landfl. 
7 .7 

Liq. ~I 761.75 X X X X 
flash pt > 60C 

Liq. ~I 761.75 X X X 
flash pt < 60C 

Other liq.268.42(a) (a) X X X 
also haz. 

-----------------------------------------------------------
Liquid PCBs at concentrations between 50 ppm and 500 

ppm, can be disposed of in an incinerator or high efficiency 
boiler as described above, or in a facility that provides an 
alternative method of destroying PCBs that achieves a level 
of performance equivalent to incineration (equivalent 
method} approved under 40 CFR 761.60(e) (i.e., demonstrate 
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achievement of less than 2 pp~ PCBs in the treat~ent 
residual). 

Liquids at these concentrations with a flash point 
greater than 60 degrees Centigrade (not considered 
ignitable as defined in 761.75(b) (8) (iii)) other than 
mineral oil dielectric fluid, can also be disposed of in a 
chemical waste landfill which complies with 40 CFR 761.75. 
However, the following actions must be taken: 

o Bulk liquids must be pretreated and/or stabilized (e.g., 
chemically fixed, evaporated, mixed with dry inert 
absorbant) to reduce its liquid content•or increase its 
solid content so that a non-flowing consistency is 
achieved; 

o Containers of liquid PCBs must be surrounded by an 
amount of inert sorbant material capable of absorbing 
all of the liquid contents of the container. 

2.2.3 Non-Liquid PCBs at Concentrations Greater Than or 
Equal to 50 ppm 

Remediation Options for PCB Waste Under TSCA/RCRA 

Waste Cat. 40CFR Sec. Incin. 
761.70 

Non-liq. 761. 60(a) (4) X 
soil, rags, 
debris 

Dredged 761.60(a) (5) X 
material, munic. 
sewage sludge 

Alt. Chem. Method 
Treatmt. Waste Apprvd. 
761.60(e)Landfl. by RA 

761.75 761.60Cal (5) 

X X 

X X X 

Soils and municipal sludges contaminated with PCBs at 
concentrations qreater than or equal to SO ppm can be 
disposed ot in an incinerator, treated by an equivalent 
method, or disposed o! in a chemical waste landfill. 
Industrial aludqes with PCB concentrations qreater than soo 
ppm may not be land!illed. The determination o! whether 
contaminated material should be conaidered a soil or an 
industrial sludge should be made site specifically 
consistent with the current process !or classifying aaterial 
subject to the land disposal restrictions as either a pure 
waste or a soil and debris contaminated with a waste. 
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Dredged materials and municipal sewage treatment sludges 
that contain PCBs at concentrations greater than or equal to 
50 ppm can also be disposed of by methods other than those 
noted above that are approved by the Regional Administrator. 
It must be demonstrated that disposal in an incinerator or 
chemical waste landfill is not reasonable and appropriate, 
and that the alternate disposal method will provide adequate 
protection to health and the environment. 

2.2.4 PCB Articles, Containers, Electrical Equipment 

Remediation Options for PCB Waste Under_TSCA/RCRA 
Waste Cat. 40CFR Sec. Incin. Alt. Chem. Drain Oecon. 

761.70 Treatmt. Waste Dispose 
761.60(e)Land!l.as sol. 

761.75 waste 
PCB 761.60(b) (1) X X X 
transformers 

PCB 7 61. 6 0 (b) ( 2) 
capacitors 
(>z 500 ppm) 

PCB 761.60(b) (4) 
capacitors 
(50 - 500 ppm) 

PCB hyd. 7 61. 6 0 (b) ( 3 ) 
machines 

PCB elec.761.60(b) (4) 
equip. 

PCB 7 61. 6 0 (b) ( 5) 
articles 
(>z500 ppm) 

PCB 7 61. 6 0 (b) ( 5) 
articles 
(50 - 500 ppm) 

PCB 761.60(c) 
containers 
(>•500 ppm) 

PCB 761.60(c) 
containers 
{<500 ppm) 

X X 

X X X 

X 

X 

X X X 

X 

X X X 

X 

-------------------------------------------~---------------

PCB transformers and capacitors (by definition (40CFR 
761.60) these contain 500 ppm PCB or greater as opposed to 
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PCB-contaminated electrical equipment which contains less 
than 500 ppm) must be disposed of in an incinerator, by an 
alternate method which can achieve a level of performance 
equal to incineration, or in a chemical waste landfill. 
However, special procedures must be followed for disposing 
of transformers in chemical waste landfills and a special 
showing indicating that incineration capacity does not 
exist, that inc: .eration of the capacitors will interfere 
with the incineration of liquid PCBs, or other good cause, 
must be made for disposing capacitors in landfills. These 
are described in 40 CFR 761.60(b). 

-PCB-contaminated electrical equipment (this includes 
transformers and other equipment other than capacitors which 
contain PCBs between 50 ppm and 500 ppm) must be drained of 
all free flowing liquid. The liquid must be disposed of in 
an incinerator, by an equivalent method, or in a chemical 
waste landfill. The drained equipment is not covered under 
TSCA regulations. PCB-contaminated capacitors must be 
disposed of in an incinerator or a chemical waste landfill. 

PCB articles and containers with PCB concentrations 
greater than 500 ppm must be incinerated or disposed of in a 
chemical waste landfill provided all free flowing liquid is 
drained and incinerated. PCB articles and containers with 
PCB concentrations between 50 ppm and 500 ppm must be 
disposed of by draining all free flowing liquid and 
appropriately disposing of the liquid. The drained articles 
and containers can be disposed of as municipal solid waste. 

2.2.5 TSCA Chemical Waste Landfill Requirements 

The requirements for chemical waste landfills are 
described in 40 CFR Section 761.75 and outlined in Table 2-
2. As indicated, the regulations do not require caps 
because the regulations were designed for operating 
landfills. Where Superfund remedial actions will leave PCBs 
in place or where PCB-contaminated material is excavated, 
treated, and re-disposed at concentrations that still pose a 
threat, capping consistent with chemical waste landfill 
requirements is generally appropriate. (Long-term 
management controls for PCB-contaminated material generally 
will also parallel RCRA closures.) However, some of the 
requirements specified under TSCA may not always be 
appropriate for existing waste dis~osal sites like those 
addressed by Superfund. When this is the case, it may be 
appropriate to waive certain requirements, such as liners, 
under the TSCA waiver provisions, 761.75(c) (4). 
Requirements may be waived when it can be demonstrated that 
operation of the landfill will not present an unreasonable 
risk of injury to health or the environment. This 
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Table 2-2 
TSC.-\ CHE~1ICAL \VASTE LA~DFILL REQCIRE\1E:--;Ts 

(40 CFR SECTION 761.75) 

Located tn titid:. relallve!y LlTlpermeable formauon such a.s wge area clay pans. or: 

• On sod with high clay and stlt content wnh the followmg parameters: 
· tn-place sotlliltclcness of four feet or com;acted so1l ltner thiCkness of three feet 
·permeability equal to or less th;m l x ICT 
· per:ent sod passmg So. 200 Sieve. gre41er th.an 30 
· l!qutd ltmlt gre.oter than 30 
- plasucny mdex greater than 15. 

·On a syntheuc membrane liner (minimum thickness of 30 mils.) pn:»-idma permeability equ1valent r.o !..he sod 

descnbed above .ncludmg adequate so1l underiinma and so1l cover 10 prevent excesSJve suess on or ruptu:~ ci 
the ltner. 

"" A. Botr.om of tile landfill liner system or natW'3l in-place soil barrier a.tleast SO feet from the hiStOnQJ h1gh 
ground ~o~~ater t.1ble. Floodplams. shorelands. and ground water recharae areas sh.a.ll be avo1ded and there sha.ll 
be no hydrau!tc connecuon between the Site and sundina or flowina surface water. 

B. If the landfill is below the 100-year floodwater elevation. surface water diversion dikes should be construe·.eC 
around the penmete.r w1th a msmmum he1ght equal to two feet above the 100-year flocx1wa.t.er elcvauon. 

If the landfill is above lhe !00-year floodwater elevauon. diversion Structu.res capable of diverung all of the 
surface water runoff from 2~-hour. 25-year stonn. 

1 Lccated 1n an area of lo\.ttl to moderate relief to minimtze eros1on and to help prevent l.and.s.Ji.des or slump•ng_ 

.! Samplmg of des1gna~d surface watercourses monthly dunng dJsposa.l activiues and 
once every st::~. monl.hs after dtsposa.lts completed. 

' Ground water montlonng at a mtnimum of three poinr.s (equ.a.lly spaced on 1 line through ~center of the 
landfill). samplmg frequency determtned on a Site specific basis (not ~tfied tn re&ulwon) samples &n&lyz.ed 
for ?CBs. pH. spectfic conducunce. and chlonnat.ed orpnics. 

6. Le3cha~ Collecuon System: 

A. Gravlly flow dnlnfie1d insalled above the liner (recommended for use when 3etru·"'lid or leachable solld 
was~s are p~ced tn a hned pit ex~v1ted an10 1 relauvely IUlSa1UI'ILCd homolencous layer of low permeable 
sod) or 

B. Gravity fiDw drai.nfleld i.n.sWled above the liner and above a secondary liner (recommended ror use when 
semi-liqlill ar lacbable solid '*1.SteS are plac:ed in a lined p11 e:t.e.~v-.ed into relatively permeable soil) or 

C. Netwart rJI parous ceramic cups c.cnnected by hosesltubinl 10 a v-=wm pump insWled alone the sides and 
under !be boaom of the .., ~ disposal facility liner (rer:.ommcJ aded for .rdativel y pc:nDellb&e u.nsa.wrKed so 11 
Lmmedia~el y adjac.cnt LO the bouom and/or sides of the d i SV"f' I t'.acilicy). 

i. I.nst.allation of a six foo< woven mesh fence. -..all. or similar deva LO preveatiiDIUlhai..zed penons and animals. 

Note: Waiver Provision (i61.7S (c)(4) )-One or more of the above requimnencs may be waived IS lone as oper1.Uoo 
or tile LlndfLll will not present an unreasonable nsk of inJury 10 health or the environmenL 
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deoonstration may require column studies verifying tha~ PCB 
movement through the soil will not adversely affect ground 
water. These waivers are distinct from the six waivers from 
ARARs provided under CERCLA Section l2l(d) (2), which may 
also be invoked under appropriate circumstances. 

2.2.6 Storage Requirements 

The requirements !or storage of PCBs are described in 
40 CFR section 761.65. The regulations specify that PCBs at 
concentrations of 50 ppm or greater must be disposed of 
within one year after being placed in storage. The 
regulations also include structural requirements for 
facilities used for the storage of PCBS and requirements for 
containers used to store PCBs. 

PCBs stored as part of a Superfund action should be 
placed in facilities that meet the following specifications: 

o Provide an adequate roof and walls to prevent rain 
water from reaching the stored PCBs, 

o Provide an adequate floor which has continuous curbing 
with a minimum six inch high curb, 

o Contain no drain valves, floor drains, expansion 
joints, sewer lines, or other openings that would 
permit liquids to flow from the curbed area, 

o Floors and curbing constructed of continuous smooth and 
impervious materials, to minimize penetration of PCBs; 
and 

o Not located at a site that is bel~w the 100-year flood 
water elevation. 

PCBs subject to TSCA should not be stored longer than one 
year. In some cases, PeS-contaminated material may be 
generated during the RI/FS that will require storage that 
may exceed the one-year limitation under TSCA. Where the 
final dispo•ition of the waste will be specified in the ROD, 
the exceedence of the TSCA storage limitation may be 
justified u•ing a CERCLA waiver. An interim remedy waiver 
under CERCLA could be invoked. Since the removal action is 
interim in nature and the remedy determined in the ROD will 
comply with ARARs for final disposition of the waste, a 
waiver of the ARAR is justified. A memorandum supporting 
the action should be prepared and placed in the 
administrative record to.document the finding. 
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2.3 RCRA Regulations Addressing PCBs 

Closure requirements described under RCRA are considered 
potentially applicable or relevant and appropriate at 
Superfund sites. A detailed discussion of these 
requirements is not presented in this document since they 
are not specific to PCBs. Instead, guidelines for long 
term management controls consistent with RCRA closure 
requirements that are warranted under various closure 
scenarios are provided in section 4.3. (Further discussion 
o! the closure requirements under RCRA and their use at 
Superfund sites can be found in the CERCLA compliance With 
Other Laws Manual (U.S. EPA, 1989b) .) 

PCBs are specifically addressed under RCRA in 40 CFR 268 
which describes the prohibitions on land disposal of various 
hazardous wastes. Note that RCRA regulations only apply to 
waste that is considered hazardous under RCRA: i.e., listed 
in 40 CFR 261.3 or characteristic as described in 40 CFR 
261.2. PCBs alone are not a RCRA hazardous waste; however, 
if the PCBs are mixed with a RCRA hazardous waste they may 
be subject to land disposal restrictions as summarized 
below. 

PCBs are one of the constituents addressed by the land 
disposal restrictions under the California List Wastes. 
This subsection of wastes covers liquid hazardous wastes 
containing PCBs at concentrations greater than or equal to 
50 ppm and non-liquid hazardous wastes containing total 
concentrations of Halogenated Organic Compounds (HOCs) at 
concentrations greater than 1000 ppm. PCBs are included in 
the list of HOCs provided in the regulation (Appendix III 
part 268). 

2.3.1 Liquid Hazardous Waste With PCBs at so ppm or Greater 

As described in 40 CFR 268.42(a) (1), liquid hazardous 
(RCRA listed or characteristic) wastes containing PCBs at 
concentrations greater than or equal to 500 ppm must be 
incinerated in a facility meeting the requirements of 40 CFR 
761.70. Liquid hazardous wastes containing PCBs at 
concentrations greater than or equal to 50 ppm but less than 
500 ppm must be incinerated or burned in a high efficiency 
boiler meeting the requirements of 40 CFR 761.60. 

A method of treatment equivalent to the required 
treatment may also be used under a treatability variance 
procedure if the alternate treatment can achieve a level of 
performance equivalent to that achieved by the specified 
method as described in 40 CFR 268.42(b). 
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2.3.2 Hazardous Waste With HOCs at 1000 pp~ or Greater 

Liquid and non-liquid hazardous wastes containing Hoes 
in total concentration greater than or equal to 1000 ppm 
must be incinerated in accordance with the requirement of 40 
CFR 264 Subpart 0. 

Again, a method of treatment equivalent to the required 
treatment, under a treatability variance, may also be used. 

Special considerations are pertinent !or waste that 
falls into the category of soil and debris ~rom a CERCLA 
remedial action or RCRA corrective Action. The land 
disposal restrictions for CERCLA soil and debris went into 
effect November 8, 1988; however, no atandards !or disposal 
were published at that time. Consequently soil and debris 
contaminated with hazardous waste is banned from land 
disposal unless it meets existing standards !or the pure 
waste or qualifies !or a treatability variance. The 
preamble to the NCP, established a general presumption that 
a treatability variance is warranted for CERCLA soil and 
debris. Alternate treatment levels should be justified 
based on the treatability variance guidance levels (U.S. 
EPA, l989h). For PCBs, residuals after treatment should 
contain .l to lO ppm PCBs !or initial concentrations up to 
lOO ppm and above lOO ppm, treatment should achieve 90 to 
99\ reduction in concentration to quality !or a treatability 
variance. 

Finally, hazardous wastes for which the treatment method 
is incineration or the treatment standard was based on 
incineration are subject to a 2-year capacity extension !rom 
the time that the standard went into place. Wastes that 
qualify for a capacity extension can be disposed without 
meeting the treatment requirements; however, they must be 
disposed o! in a facility that is in compliance with the 
minimum technology requirements established !or landfills in 
section 3004(o) o! RCRA. The capacity extension !or 
California List wastes when they are present in CERCLA soil 
and debris extends until November 8, 1990. 

2.4 Clean Water Act 

The Clean Water Act establishes requirements and 
discharge limits !or actions that affect aurface water. 
Water Quality Criteria (WQC) indicating concentrations of 
concern for surface water based on human exposure through 
drinking the water and ingesting tish as well as 
concentrations of concern to aquatic life have been 
developed !or many compounds. For PCBs, the WQC !or chronic 
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exposure through drinking water and fish ingestion is 
.000079 ppb based or. an excess cancer risk of 10·6

• This 
assumes consumption of 6.5 grams of estuarine fish and 
shellfish products and 2 liters of water per day over a 70 
year lifetime. The level is the same if consumption of 
water is excluded indicating a relative negligible impact 
due to this source. 

Acute toxicity to freshwater aquatic life is estimated 
to occur only at concentrations above 2 ppb. Acute toxicity 
to saltwater aquatic life is estimated to occur only at 
concentrations above 10 ppb. The water quality criteria for 
chronic effects are .014 ppb and .03 ppb for•tresh and 
saltwater aquatic life, respectively. 

These values are used as guides in the development of 
water quality standards for surface water that are enforced 
at the State level. States may account for other factors in 
establishing these standards including physical, chemical, 
biological, and economic factors. State standards andjor 
WQC are ARAR for surface water discharges. More detailed 
discussion of the CWA ARARs can be found in the CERCLA 
Compliance Manual (U.S. EPA, 1989b). 

2.5 Safe Drinking Water Act 

Under the Safe Drinking Water Act (SDWA), Maxi~um 
Contaminant Levels (MCLs) and Maximum Contaminant Level 
Goals (MCLGs) are established. MCLs for carcinogens are 
generally set at levels that reflect an excess cancer risk 
due to drinking 2 liters of water per day over a 70 year 
life of between 10·4 and 10·6

• They are set as close as 
practicable to the MCLG (which for carcinogens is zero) 
accounting for the use of the best available technology, 
cost, and analytical capabilities. MCLs must be attained by 
public water supplies. MCLGs are goals set at levels that 
would result in no known or anticipated adverse effects to 
human health over a lifetime. At Superfund sites, MCLs and 
non-zero MCLGs may be relevant and appropriate to 
contaminated ground water that is or could be used as 
drinking water. 

An MCL of .5 ppb was proposed for PCBs in May 1989 (U.S. 
EPA, 1989d). The MCLG is zero because PCBs are possible 
carcinogens. As a proposed MCL, the .5 ppb level is a TBC 
that EPA recommends be considered in determining the 
appropriate cleanup level for potentially drinkable qround 
water. (The MCL for PCBs is expected to be finalized by 
September 1990.) More detailed discussion of the SDWA 
ARARs can be found in the CERCLA Compliance Manual (U.s. 
EPA, 1989b}. 
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2.6 PCB Spill Cleanup Policy Under TSCA 

The PCB Spill Cleanup Policy was published in 40 CFR 
761.120 - 761.139 on April 2, 1987 and describes the level 
of cleanup required for PCB spills occurring after May 4, 
1987 (the effective date). Because it is not a regulation 
and only applies to recent spills (reported within 24 hours 
of occurrence), the Spill Policy is not ARAR for Superfund 
response actions; however, as a codified policy representing 
substantial scientific and technical evaluation it has been 
considered in developing the guidance cleanup levels 
discussed in section J. A summary of the policy follows. 

2.6.1 Low Concentration, Low Volume Spills All Areas 

For spills of low concentration PCBs (50 ppm to 500 ppm) 
invo. ing less than one pound of PCBs, cleanup in accordance 
with procedural performance requirements is required. The 
requirements consist of double wash rinse and cleanup of 
indoor residential surfaces to 10 micrograms (ug) per 100 
square centimeters (cm2) analyzed by a wipe test, and 
excavation of all soils within the spill area plus a 1-foot 
lateral boundary of soil and other ground media and 
backfilling with clean (less than 1 ppm PCB) soil. No 
confirmation sampling is required. 

2.6.2 Non-Restricted Access Areas 

For spills of 500 ppm or greater PCBs and spills of low
concentration PCBs of more than one pound PCBs by weight in 
non-restricted access areas, materials such as household 
furnishings and toys must be disposed of and soil and other 
similar materials must be cleaned up to 10 ppm PCBs, 
provided that the minimum depth of excavation is 10 inches. 
In addition, a cap of at least 10 inches of clean materials 
must be placed on top of the excavated area. In~oor and 
outdoor surfaces must be cleaned to 10 ug/100 em , but l~w 
contact outdoor surfaces may be cleaned to 100 ug/100 em 
and encapsulated. Post clean-up sampling is required. 

2.6.3 Industrial Areas 

For spills of 500 ppm or greater PCBs and spills of low
concentration PCBs of more than one pound in industrial and 
other restricted access areas, cleanup of soil, sand, and 
gravel to 25 ppm PCBs is required. Indoor high contact and 
outdoor high contact surfaces must be cleaned to 10 ug/100 
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cm2 • Indoor low contact surfaces may be cleaned to 10 z z ug/100 em or to 100 ug/100 em and encapsulated. Outdoor 
low contact surfaces may be cleaned to 100 ug/100 cm2 • Post 
cleanup sampling is required. 

2.6.4 Outdoor Electrical Substations 

For spills of 500 ppm or greater PCBs and spills of low
concentration PCBs of more than one pound at an outdoor 
electrical substation, cleanup of solid materials such as 
soils to 25 ppm or to 50 ppm (with a sign posted) is 
required. All surfaces must be cleaned to ~0 ugjlOO cm2 • 
Post cleanup sampling is required. 

2.6.5 Special Situations 

For particular situations, decontamination to site
specific requirements established by EPA Regional Offices is 
required. These situations are: 

1. Spills that result in direct contamination of surface 
wat.ers; 

2. Spills that result in direct contamination of sewers or 
sewage treatment systems; 

3. Spills that result in direct contamination of any 
private or public drinking water sources; 

4. Spills which migrate to and contaminate surface waters, 
sewers, or drinking water supplies; 

5. Spills that contaminate animal grazing land; and 

6. Spills that contaminate vegetable gardens. 

2.7 Guidances 

Several documents have been produced that provide 
background information and guidance on complying with the 
regulations and policy described above. Pertinent 
information provided by some of the more important documents 
are described in this section. This material is "to-be
considered" in developing remedies·at Superfund sites. 
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2.7.1 Draft Guidelines for Permit Applications and 
Demonstrations -- Test Plans for PCB Disposal by Non
Thermal Alternate Methods (U.s. EPA, 1986c) 

Tr._ most significant information in this document 
affecting actions taking place at Superfund sites is the 
discussion provided on evaluating the "equivalency .. of 
technologies to incineration. As described in section 2.2, 
most PCB-contaminated material can be treated by an 
alternate method provided that it can achieve a level of 
performance equivalent to an incinerator or a high 
efficiency boiler. The guidance manual indicates that an 
equivalent level of performance !or an alternate method of 
treatment of PCB-contaminated material is demonstrated if it 
reduces the level of PCBs to less than 2 ppm measured in the 
treated residual. The residual can then be disposed of on
site without further regulation. Otherwise, the material 
must be treated as if it were contaminated at the original 
level (i.e., disposed of in a chemical waste landfill or 
incinerated) . 

This level was based on the practical limit of 
quantification for PCBs in an organic matrix and 
consequently does not apply to aqueous or air emissions 
produced by the treatment process. For aqueous streams the 
guidance provides that they must contain less than 3 ppb 
PCBs. Releases to air must be less than lO ug of PCBs per 
cubic meter. It should be noted that these levels apply to 
treatment processes only and were not intended to be used as 
cleanup standards for reentry or reuse. 

2.7.2 Verification of PCB Spill Cleanup by Sampling and 
Analysis (U.S. EPA, l985b) 

This document describes methods for sampling and 
analyzing PCBs in various media. It also includes basic 
sampling strategies, identification of sampling locations, 
and guidance on interpreting sampling results. This manual 
may be useful in developing sampling plans at Superfund 
sites and in identifying appropriate methods for complicated 
sampling, for instance sampling of structures. 

2.7.3 Field Manual !or Grid Sampling o! PCB Spill Sites to 
Verify Cleanup {U.S. EPA, l986b) 

This manual provides a step-by-step guidance for using 
hexagonal grid sampling primarily for determining if cleanup 
levels have been attained at the site. It discusses 
preparation of the sample design, collection, handling and 
preservation of the samples taken, maintenance of quality 
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assurance and quality con~rol, and doc~~entation of sam~ling 
procedures used. It is a companion to the guidance 
described in section 2.7.2 that discusses in more detail the 
rationale and techniques selected. The field manual 
addresses field sampling only and does not provide 
information on laboratory procedures. This guidance may be 
useful in specifying the appropriate sampling after or 
during remedial action to assess progress toward achieving 
cleanup goals. 

2.7.4 Development o! Advisory Levels !or PCB Cleanup (U.S. 
EPA l986a} " 

This document provides the basis !or the cleanup levels 
developed in the PCB Spill Policy. It discusses the 
assumptions made in addressing the dermal contact, 
inhalation, and ingestion pathways and may provide useful 
information for completing risk assessments at Superfund 
sites. An update to the calculations made in this document 
to account for recent policy on standard ingestion 
assumptions and revised cancer potency factor for PCBs has 
been provided in a memorandum (U.S. EPA, l988d). 

2.7.5 Risk Assessment Guidance for Superfund: Human Health 
Evaluation (RAG) (U.S. EPA, 1989e) 

This docunent describes the human health evaluation 
process conducted as part of the risk assessment at 
Superfund sites. It includes standard assumptions for 
various exposure pathways that have been used to calculate 
starting point action levels in section 3 o! this document. 

A second volume, Environmental Evaluation Manual, 
addressing the enviro~ental evaluation provides general 
guidelines on considerations pertinent to evaluating the 
impact of contamination on the environment. 
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Chapter 3 

Cleanup Level Determination 

Thia aaction 4aacribaa varioua acanarioa and 
conai4erations pertinent to dataraininq the appropriate 
laval o! PCBs that can be left in each aadia that ia 
contaminated to achieve protection o! huaan health an4 the 
environaent. Por •oila, the •tartinq point action level 
(praliainary r .. e4iation qoal) ia 1 ppa for aitaa where 
unliaita4 ezpoaure under reai4ential land uaa ia aaauae4. 
Biqher atartinq point value• (10 to 25 ppa)-are •uqqeate4 
for aitea where the ezpo•ure •cenario i• in4uatrial. 
Raae4iation qoala for qroun4 water that ia potentially 
drinkable •hould be the propo•e4 XCL of .5 ppb. Cl-eanup 
level• aaaociated with •urface water 8houl4 account for the 
potential usa of the •urface water a• drintinq water, 
iapacts to aquatic life, and impact• throuqh the food chain. 
occa•ionally, atoravater runoff to nearby atreaaa can 
contribute aiqnificant environmental or health riaka, 
e•pacially to tho•• aatinq contaminated fiah. 
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3.1 Soils 

The concentration of PCEs in the soil above which some 
action should be considered (i.e., treatment or containment) 
will depend primarily on the exposure estimated in the 
baseline risk assessment based on current and potential 
future land use. This section has correspondingly been 
organized according to categories of alternatives 
differentiated by the expected direct contact that will 
occur. Other factors influencing the concentration to which 
soils should be excavated or contained include the impact 
the residual concentration will have on ground water and 
potential environmental impacts. Since th~e pathways are 
pertinent to all site categories, they are discussed in 
separate sections. The guideline concentrations provided in 
this section do not imply that action must be taken at a 
Superfund site, rather they indicate the area over which 
some action should be considered once it has been determined 
that action is necessary to provide protection of human 
health and the environment. 

A summary of the guidelines discussed in this section is 
presented in Table 3-l. 

TABLE 3-1 
Recommended Soil Action Levels -- Analytical Starting 

Points 
(Considers ingestion, inhalation, and dermal contact only) 

Land Use 

Residential 
Industrial 

PCB Action LeVels Cpprn) 

l ppm 
10 - 25 ppm 

These action levels and the assumptions discussed in the 
following sections can be used to reduce the need for 
detailed site-specific risk assessments; however, future 
site uses should be well understood and final cleanup levels 
must still reflect all relevant exposure pathways and be 
defensible on a site-specific basis. 

The analysis of PCBs is complicated by the fact that 
there are 209 different PCB compounds 1 (Alford-Stevens, 
1986). Common analytical methods are listed in Table 3-2. 

1Aracholors are groups of PCBs with different overall 
percentages of chlorine. For example, Arochlor 1242 contains 42% 
chlorine made up of tri- and tetra- chlorinated biphenyls. PCB 
isomers are those compounds that have the same number of chlorine 
atoms. Individual PCBs isomers, of which there are 209, are 
called congeners. 
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3.1.1 Preliminary Remediation Goals for Residential Areas 

The concentration that defines the area over which some 
action must be taken is the concentration of PCBs that can 
protectively be left on site without management controls. 
In areas where land use is residential, this concentration 
will be based on standard assumptions for direct contact 
dermal, ingestion, and inhalation -- and should consider 
potential impact to ground water, which is discussed in 
section 3 .1. 4. 

For Superfund sites, the risk remaining after 
remediation should generally fall within the range of 10"4 

to 10·6 individual excess cancer risk. Based on the 
standard exposure assumptions associated with residential 
land use (ingestion, inhalation, and dermal contact), 
concentrations of .1 ppm PCBs to 10 ppm PCBs will generally 
fall within the protective range. A concentration of 1 ppm 
PCBs equates to approximately a 10·5 excess cancer risk 
•ssuming no soil cover or management controls. The 1 ppm 
starting point for residential scenarios reflects a 
protectiYe, quantifiable concentration for soil. Lower 
concentrations (e.g., reflecting a 10·6 risk level) are not 
generally quantifiable and in many cases will be below 
background concentrations. (Because of the persistence and 
pervasiveness of PCBs, PCBs will be present in background 
samples at many sites.) A concentration of l ppm PCBs 
should therefore generally be the starting point for 
analysis at PCB-contaminated Superfund sites where land use 
is residential. Alternatives should reduce concentration to 
this level or limit exposure to concentrations above this 
level. 

As part of the development of the cleanup levels in the 
PCB Spill Cleanup Policy, a detailed analysis of the direct 
contact pathways was performed by the EPA Office of Health 
and Environmental Assessment (U.S. EPA, l986a). This 
analysis was subsequently updated to account for the revised 
cancer potency factor and ingestion assumptions (U.S. EPA, 
1988d). This analysis estimates risk levels associated with 
various concentrations o! PCBs baaed on physical parameters 

~t pea 1254. ·~ It is also estimated that a 10 inch cover of \ 
', clean soil will reduce 1 one order of ., 
~ sing some of the bas~c assumptions assoc a e 

with PCBs (e.g., mobility, volatility, absorption) described 
in this analysis and the standard exposure assumptions for 
residential land use presented in the Risk Assessment 
Guidance (U.S. EPA, 1989e), risk levels associated with 
various concentrations of PCBs in soil were calculated (see 
Appendix B) . This analysis forms the basis for the 
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Table 3·2 
A~AL YTICAL METHODS FOR PCBs 

Method GC GC/MS 
1 

Iktection Lirruc Quantif1cat1or. L:..-::~: 

Oli Bellar and Lichtenberg 

ASTYi 04059 

yes 

yes 

less than 2 ppm 

less than 2 ppm 

2 ppm 

2 ppm 

Soil/ 
Sed;menr 

~ethod 680 yes - 100 >ppb 

0.1 • 0.5 ppb 

I ppm 

80 ppb yes 

- - - - - - - - - - - - - - - - - - - - - -
Wa:er EPA ~ethod 505 yes 0.1 • 0.5 ppb not given 

Atr 

( ~1Lcr~x.rraction) (based on the . arochlor present) 
~1ethod 508A 
(Perc hlonnanon l 0.1 • 0.5 ppb (as not given 

decachlorobiphenyl) 

\-1ethod 680 yes - 100 ppb 1 ppm 
3J 

:\1ethod 608 yes 0.1 • 0.5 ppb 0 . .5 ppb 
- - - - - - - - - - - - - - - - - - - - -

~lOSH ~ethod .5503 yes 
Florosil sorbent. 
hex.ane ex.r:raction. 
GO'ECD 

1 Detection limir indicates the concentration above which the presence of PCBs will be detected by 
the analytical methcx1. 

z Quantification limit indicates the concentration above which the qUJ.ntity of PCBs present can be 
determined. 

J U.S. EPA. 1911id. 

4 C.S. EPA. 1988&. Glaser. 1981. 

.s Methcx1 608 depends on the presence of an int3Ct Arochlor. Analysts can esti..mate possible PCB 
concenr:rarions when inr.act Aroc:hlors are not present. However. if this is done the presence of 
PCBs should be confumed usin& Method 680. Method 680 can identify PCB Uomen. 
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analytical starting point su~~arized here. The pri~ary 
assumptions and an example calculatio~ for a PCB 
concentration of 1 prn are shown in Table 3-J. It should be 
n that s of t e .' tions may be overly 
co servat ve o -s ec , the 

!
calculation for the inhalation pathway assumes that someone 

f' is on the site 24 hours a day for 30 years and that the I concentration of PCBs in the air in a house on this site 
/ will be the same as the concentration in the air outside. 

In many cases, partial covering o! the soil will limit the 
level of PCBs that can volatilize. Another consideration is 
that the calculation was based on the properties of Arachlor 
1254 and properties may vary for different eongeners as 
shown in Table J-4. Toxicities may also vary (McFarland, 
1989; Kimbrough, 1987; sate, 1985), though there is limited 
information on this and the toxicity based on Arachlors 1254 
or 1260 should generally be used. 

As noted above, these calculations reflect direct 
exposure assumptions only and may not be appropriate where 
ground water or ecological habitats are potentially 
threatened. These levels a e consistent with the idan e 

Cleanup Po which recommends a 
level with a 10 lnc 

3.1.2 Preliminary Remediation Goals for !ndustrialjRemote 
Areas 

In remote areas or areas where land use is industrial, a 
more appropriate concentration at which to start analysis 
may be 10 to 25 ppm, since direct exposure is less frequent 
than !or residential land use and higher concentrations will 
be protective. {Under the PCB Spill P9licy this category 
includes sites that are more than .1 km from 
residential/commercial areas or where access is limited by 
either man-made or natural barriers (e.g., fences or 
cliffs).) For example, at Superfund sites located in 
industrial areas ingestion and inhalation exposures are more 
limited than tor a residential area. Even assuming exposure 
equivalent to that in residential areas, these levels-110 to 
25 ppm) a~still vi ce table risk ranqe 

baaed on the dir 
pathways, end in tact will reflect a lower risk due to the 
reduced frequency of exposure e a e site. This is 
consistent with the PCB Spi leanup P icy hich 
recommends a cleanup leve of 25 to 50 ppm tor ai 

\ 
\ 
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Table 3-3 
PCB DIRECT CONTACf ASSC~1PTI0i':S 

(See Appenc.ix B for det.a.iled calculaoon) 

I.'-:GESTIO~: 

Soil in2escon ( l to 6 vears) - . 
Soilmgescon (7 to 24 years) 
Body weight child 
Body weight adult 
Absorpuon of PCBs from 

mgested soil 

r:". nALA no.s 

Adult tnhalanon ra:e 
Lung absorpuon of inhaled PCBs 

DER.\t-\1. 

S uri" ace area (3 - 18 years) 
Surface are (adult) 
Soil to skm adherence factor 
Exposure frequency (child) 
Exposure frequency (adult) 
Adsorpcon fraction 

0.2 g/day 1 
0.1 g!day 1 
16 kgl 
70 kgl 

.., 
30%-

30 m31ciay l 
50% 

0.4 m2/eventl 
0.31 m2/event 1 
2. 77 mg!cm211 
132 event.S/y~ 1 
.52 events/year 
10%3 

To esnmate exposure. the average concent:ration of PCBs in soil over the exposure period is 
calculated. Tne concentration of .PCBs will decrease with orne due to volatilization. 

EX~~~LECALCLLATION 

At 1 ppm PCB initial soil concentration: 
A vera&e concentration over 10 inches over 6 years = 0 . .54 ppm 
A ven,e concentration over 10 inches ove:- 30 years s 0.28 ppm 

Risk due 10 soil in&estion = 2 X 1 o-6 
Risk due to inhalation • 7 X 1 o-6 
Risk due to dermal contaCt • 7 X 1 o-6 
Total risk (lll pathways) • 1.6 X 10"5 

· lU.S. EPA. 1989e 
2u.s. EPA. 1986a 
3u.s. EPA. 1986a 
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Table 3-4 
CHE~HCA.L A~D PHYSICAL PROPERTIES OF PCBs 

Molecular Specific 
PCB Weight Gravity 

PCB-1016 
(A.rochlor 10 16) 257.9 24,00J 

PCB-! .2.2! 200.7 11,CX>O 1.182 

PCB-1232 232.2 35,000 1.266 

PCB-12.!2 266.5 3 80,()()() 1.380 

PCB-12~8 299 . .5 1,300.000 1.445 

PCB-!254 328.-! 1.070.000 1.538 

PCB-1260 377.5 1 4. ()()() .000 1.620 

PCB-1262 1.646 

PCB-1268 1.810 

PCB-1270 1.947 

PCB-.2565 1.727 

PCB-4465 1.712 

PCB-54-42 1.434 

PCB-5460 1.740 

2.2· ..5 .5'-Tetra-
chlorobiphenyl 

2. 2 · .3. 4,5-Penta-
chlorobiphenyl 

a Hutzinger et al., 1974, Monsanto Chemical Co., undated. 
bMacKay and Leinonen, 1975. 
c Hwang, 1982, and U.S. EPA, 1980b. 

Solubility 
in Water 
(m&/1) 

0.42 

15.0 

1.45 

0.24 
_., 

5.4 X. 10. 

1.2 X 10'2 

2.7 X. 10 -3 

4.6 X. 1 o·2 

2.2 X. 10"2 

Bioaccumulation factor: 31.200 l..Jk&. (U.S. EPA. 1986&) 

Soil-water partition coefficient (U.S. EPA, 1980a): 22 • 1938l..Jk&. 

32 

a Vapor 
Pressure 
(mm Hg) 
at 25°C 

4x.l0-4 

6.7 X. 10-4 

4.06 X. 10"3 

4.06 X. 10 -4 

4.94 X. 10 -4 

7.71 X. 10 -S 

4.05 X. 10 ·5 

Henr~ 'sLaw 
Co~ant 

(atrn- 1gmol l 

'" . ~ 
5.73 ~ 10-

·b 
3.51 x. 1o·.l 

8.37 X. 10' 3 ~ 

7.13 X 10-)· 



industrial or other red~ced access areas. 2 

J.l.J Assessing the I~pac~ to Ground Water 

Generally, PCB soil cleanup levels based on direct 
contact assumptions will provide sufficient protection of 
ground water. However, if ground water is very shallow, 
oily compounds are or were present, or the unsaturated zone 
has a very low organic carbon content, an additional 
evaluation of the residual concentration that will not 
exceed levels found to be protective for ground water should 
be ~ade. • 

There are many factors such as soil permeability, 
organic carbon content, and the presence of organic 
colloids, which can influence PCB movement from soil into 
ground water. The situation is complicated by the low 
solubility of PCBs and the prevalence of their occurrence as 
solutes in oils. At this point the migration of PCBs to 
ground water can only be described qualitatively. Table 3-4 
lists factors affecting migration for several PCBs. 

PCBs are very immobile under conditions where the PCB 
concentration in the aqueous phase is controlled by the 
aqueous solubility of PCBs and transport is governed by 
partitioning between the water and soil. However, low 
solubility compounds like PCBs may migrate through 
facilitated transport on colloidal particles (Backhus, 1988) 
or dissolved in more mobile substances such as oils i! 
present as a separate phase (~.s. EPA, 1989f). Measurements 
of dissolved organic carbon (DOC) in leachate may help 
assess this movement since PCBs will sorb to the organic 
material. Concentrations~f'-;;.P..~Bs-:in. water samples exceeding 
PCB water·solubility indicate that PCBs are being 
solubilized·: by·~somethinq- other than· water.. PCBs in oils 
will be mobile if the oil itself is present in volumes large 
enough to move a significant distance from the source. If 
immiscible fluid flow is significant, PCB transport 
predictions must be based on i~iscible fluid flow models. 

3.2 Ground Water 

If PCBs have contaminated potentially drinkable ground 
water, ground water response actions should be considered. 

2The difference between the Spill Cleanup Policy numbers and 
the Superfund starting point concentrations is due to use of the 
Superfund standard exposure assumptions and a revised cancer 
potency factor for PCBs. 
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As discussed abcve, PCBs generally have low mobility but can 
be transported with oils in which they may be dissolved. A 
problem that arises is that once the i~iscible fluid has 
been i~obilized through capillary retention in the soil 
pore space (te~ed the residual saturation) , PCB transport 
is governed by the rate at which the PCBs dissolve from the 
oil into the water moving past the residually saturated oil. 
This is a very slow process with the residual saturation 
serving as a long-term source of contamination. 
Emulsification of the residual oil, and PCB transport in 
micelles may also occur. 

PCBs have also been found to migrate withip aquifers 
sorbed to colloidal particles. This movement can be 
assessed through analyzing both filtered and unfiltered 
ground water samples for PCBs (U.S. EPA, l989f and U.S. EPA, 
1989g). 

In both scenarios described above, PCBs can be found in 
unfiltered ground water samples at levels that exceed health 
based concentra~ions. The proposed MCL for PCBs is .5 ppb 
reflecting a 10·- excess cancer risk. (Proposed MCLs are 
considered TBC for ground water that is potentially 
drinkable.) These situations are also very difficult to 
address actively. In the first case, residual oil lodged in 
pore spaces continues to be a source of PCBs and are very 
difficult to remove through traditional pump and treat 
methods. In the case of PCBs present on particulates, the 
rate of removal through ground water extraction may be very 
limited and substantial amounts of clean vater will be 
affected as it is pulled into the contaminated zone. 

Because of the tech~:cal ~:;r~i!~:~!:i;~ ~! ~=d~~;~; ~nc:~tions to~;,~:-b::e.~!=~=~~; ~=m==~·:~ig~7 to 
p~even!(fU~he~ m~grat1on of,contam~"ant~ may b~~he only 
Vlable o t1on or ortions of the tam1nated ar_ d 
Th1s may 1nvo ve ,removing more soluble organics present 
which increase the mobility of the PCBS present. 

3.3 Sediment 

The cleanup level established for PeE-contaminated 
sediment may be based on direct contact threats using 
exposure assumptions specific to the site if the surface 
water is used for swimming. More often, the impact of PCBs 
on aquatic life and consumers of aquatic life will drive the 
cleanup level. Interim criteria for sediment based on 
achieving and maintaining WQC in the surface water have been 
developed for several chemicals (U.S. EPA, l989a). The 
approach used to estimate these values is called the 
Equilibrium Partioning Approach (EP) which is based on two 
interrelated assumptions. First, that the interstitial 
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~ater concentration of the cc~ta~i~ant is ccntrolled by 
partitioning bet~een the sediment and the water at 
contaminant concentrations ~ell below saturation i~ both 
phases. Thus, the partitioning can be calculated from the 
quar.tity of the sorbent on the sediment and the appropriate 
sorption coefficient. For nonpolar organic contaminants, 
the primary sorbent is the organic carbon on the sediment; 
therefore, the partition coefficient is called the organic 
carbon normalized partition coefficient, K~. Second, the 
toxicity and the accumulation of the contaminant by benthic 
organisms is correlated to the interstitial, or pore water 
concentration and not directly to the total concentration of 
the contaminant on the sediment. 

When the EP approach is used to estimate sediment 
quality criteria, chronic water quality criteria (WQC) (U.S. 
EPA l980c and U.S. EPA 1985a) are used to establish the "no
effect" concentration in the interstitial water. The 
interstitial water concentration (C~) is then used with the 
partition coefficients (K~) and the following equation: 

to calculate the concentration of the contaminant on the 
sediment (C ~) that at equilibrium will result in this 
interstitia~ water concentration. This concentration on the 
sediment will be the numerical criteria value (SQC). 

Interim sediment quality criteria for PCBs are shown in 
Table 3-5. These values were derived using the Koc value of 
6.14 for PCBs which was estimated using the median of the 
log mean Kow values for Arochlor 1242. Confidence limits 
(95\) around this Koc value based on preliminary uncertainty 
estimates range from 5.44 to 6.85. The WQC concentration of 
.014 ug;L for freshwater aquatic life (U.S. EPA, 1980b) is 
derived using the residue value of .64 ug;g from studies 
with mink and the mean bioconcentration factor for salmonids 
of 45,000. The WQC concentration of .03 ug/L PCBs for 
saltwater was not used. Instead, a WQC concentration of 
.024 ug/L for saltwater was calculated using the FDA Action 
level of 2.0 ugjg, a mean BCF of 10,400 and a lipid value 
for benthic species of 8.0 percent. Therefore, the SQC 
concentrations in Table 3-5 are intended to protect wildlife 
consumers o! freshwater benthic species and the 
marketability o! saltwater benthic species. 

To determine if the sediment concentration of a nonpolar 
contaminant exceeds the sediment criteria values, the 
concentration of the contaminant and the organic carbon 
content of the sediment must both be known. Because the 
sediment criteria values are presented as normalized to 
organic carbon content (i.e., presented on a per organic 
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carbon weight basis -- ugjgC), the normalized sediment 
concentrations of the contaminants must be calculated. 
These normalized concentrations can then be directly 
compared with the interim values shown in Table 3-5. SQC 
concentrations do not apply to sediments containing less 
than 0.51 organic carbon. 

If concentrations of PCBs in sediments exceed these soc 
values, chemical monitoring of indigenous benthic and water 
column species should be instituted to determine if prey 
species ot wildlife or marketable benthic or water column 
species contain unacceptable concentrations of PCBs. 
Monitoring of indigenous wildlife species will provide 
insights into actual extent of exposure to PCBs from a 
specific site relative to reference sites. This is 
particularly important where the areal extent or the 
heterogeneity of sediment contamination by PCBs is great and 
because biomagnification of PCBs in food chains is not 
considered in deriving the aquatic life WQC concentrations. 
If chemical monitoring of biota fails to indicate that uses 
are impaired, the need for extensive remediation based on 
exceedence of SQC values should be questioned. 

TABLE 3-5 
PCB Sediment Quality Criteria 1 

woe - freshwater 

. 014 ug/L 

woe - Saltwater 

.024 ugjL 

Sediment Quality 
Criteria (ugjgC) 

Mean 95\ Confid. 
Int. 

19 3.8 - 99 
(.38 

Sediment 
Cone. (ugjg) 

oc - 10% oc - 1\ 
1.9 

- 9.9) 
. 19 

(.038 -.99) 

33 6.6 - 170" 3.3 • 3 3 
(.066- 1.7) (.66 -17) 

Based on Koc • 6.14 (5.44 - 6.85). If these soc are 
exceeded chemical monitoring of PCB concentrations in 
indigenous biota is recommended prior to decisions on 
ecological risks or remediation. These SQC apply to 
sediments whose organic carbon (OC) concentrations are 
greater than .st. 

3.4 Ecological Considerations 

The occurrence of PCBs at Superfund •ites etten po••s 
significant threat to wildlife. Mobility of PCBs into 
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ground ~ater, into air, and through biological vectors can 
result in adverse ecological i~pacts beyond the immediate 
boundaries of the site. It is importar.t to consider 
interactive ecological processes relative to PCB 
contamination as part of the remedial investigation. This 
evaluation can provide insights into other avenues of human 
exposure in addition to ensuring protection of wildlife. 

Assessments of PCB sites by the Department ot the 
Interior have concluded that PCB concentrations of 1 - 2 ppm 

· 1 be otective of wildlife such as migrate and 
that provid~ng a soil cover over g l~ contaminate 
areas can further mitigate threats to acceptable levels. 
However, the uncertainty regarding environmental impacts 
described below may warrant more in-depth analysis at sites 
where this pathway may be of particular significance; e.g., 
sensitive species, high agricultural use. 

It may be important to note that, from a toxicological 
and ecological perspective, not all PCB congeners will have 
the sa~e effects. Discrimination of congeners appears 
operative at many physical, chemical/ and biological levels: 
primary source materials differ from environmental samples; 
toxicity values differ among congeners; persistence in the 
environment varies; and bioaccumulation potential varies 
among congeners and across trophic levels. Consequently, an 
established environmental concentration based on total PCB 
concentration (i.e., irrespective of the specific congeners) 
may show little relationship to biological phenomena (e.g., 
food chain contamination, toxicity, etc.). 

Metabolism of PCBs can occur in a diverse group of 
organisms including bacteria, plants, and animals. (Fungi 
almost certainly possess similar capabilities.) For the 
most part the lesser chlorinated congeners are more readily 
subject to metabolism, ~hereas the penta-, hexa-, and 
heptachlorinated forms are quite recalcitrant. Metabolism 
should not be equated with degradation, because certain 
conversions are better thought of as modifications of the 
parent compound; and in some cases the modified terms may 
become more toxic, more water-soluble, more bioavailable. 
To date the best evidence for degradation is demonstrated 
for certain bacteria which are capable of dechlorinating the 
lesser cholorinated congeners. 

Toxicity symptoms are most clearly observed in animals 
(Focardi, 1989 and Aulerich, 1986). Usually the symptoms 
are sublethal. Chronic exposures lead to disrupted hormone 
balances, reproductive failure, teratomas, or carcinomas. 
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Plants do not appear to exhibit detectable toxicity 
responses to PCBs (Fletcher, 1987a and Fletcher, 1987b). 

Biological contamination may occur through a variety of 
routes. Aquatic organisms may incorporate PCBs from water, 
sediment, or food items. Subterranean animals, similarly 
accumulate PCBs via dermal contact and ingestion 
(Tarradellas, 1982). Exposure scenarios in above-ground 
terrestrial populations additionally may occur via 
volatilization. The least understood features of food web 
contamination are those related to the uptake, !ate and 
tra~sport of PCB congeners in plants. • 
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Chapter .c 

Developing Remedial Alte~natives 

As deacribed in section 1, one of the Superfund 
expectations is that principal threats at a site vill be 
treated wherever practicable and that low-threat aaterial 
vill be contained and aanaqed. Treatment and disposal 
options tor PCB contaminated material are qoverned by the 
type of material that is contaminated and the concentration 
ot PCBs in the material that is to be diaposed. Principal 
threat• will qenerally include aaterial contaainated at 
concentrations ezceedinq 100 ppm or 500 ppa~epen4inq on the 
land uae aettinq. Wbere concentration• are below 100 ppa 
(leaa than 2 or4era of aaqnitude above the •tartinq point 
action level), treatment ia less likely to be practicable 
unlesa the volume of contaminated material ia relatively 
lov. 

The treatment options tor contaminated soils and aludqes 
mixed vith soil are discussed in this chapter. (Conaiatent 
with the Superfund expectations and TSCA requirements, PCB 
liquids generally will be incinerated. Aqueous PCB streams 
generally will be treated by traditional treataent ayateaa 
such as carbon adsorption.) There are three priaary options 
tor non-liquid PCBs at concentrations of 50 ppm or qreater 
that are compliant vith TSCA ARARs (there ia no separate 
consideration given to non-liquid PCBs at concentrations 
greater than 500 ppm): 

1. Incineration; 
2. Treatment equivalent to incineration; 
3. Disposal in a chemical vast• landfill. 

There are additional options for addressinq PCB contaminated 
dredged material. Superfund expectations indicate that 
innovative treatment methods should be conaidered where they 
otter comparable or superior treatment pertoraance, 
fever/lesser adverse iapacts, or lover costa than aore 
demonstrated technologies. 7or PCBs, possible innovative 
technoloqies meetinq these criteria include aolvent 
extration, KPEG, biological treatment, and in-situ 
vitrification. 

7or low-threat aaterial that is contained an4 aanaqed in 
place over tbe lonq term, appropriate enqineerinq and 
inatitutional control• should be uae4 to ensure protection 
is aaintained over tiae. An initial traaevork tor 
determining appropriate lonq-tera aanaq .. ent controls ia 
provided in Table 4-2. As indicated by this table, 
institutional controls alone are not •utficient to provide 
protection except in caaea where the concentrations 
remaininq are low and tbe expected land uae is industrial. 
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4.1 Identifying Principa: Threats;Lo•-Threat Areas 

The process for developing alternatives at Superfund 
sites with PCB contamination described below is outlined in 
the flow chart in Figure 4-l. 

Once the area over which some action must be taken to 
reduce risks has been identified; i.e., areas contaminated 
above 1 ppm PCBs (residential) or areas contaminated above 
10 - 25 p s (industrial), t 
prin · threat a s~ e should be identified. These 

es will include soil contaminated at 2 •o J orders o 
~ ma ni tude above the · n r ential 

areas, principal threats will generally include soils 

/r-'1 .·. I ' 
( ' 
i ' / 
~· 

contaminated at concentrations greater than 100 ppm PCBs. 
For sites in industrial areas, PCBs at concentrations of soo 
ppm or greater ~ill generally constitute a principal threat. 
This is consistent with TSCA regulations. 1 Consistent with 
Superfund expectations, the principal threats at the site 
should be treated. Treatment methods are described in 
Section 4.2. 

In some cases, it may be appropriate to treat material 
contaminated at concentrations lower than ~hat would 
otherwise define the principal threats because it is cost 
effective considering the cost of treatment verses the cost 
of containment, because the site is located in a sensitive 
area such as a wetland, or because the site is located in an 
area where containment is unreliable such as a floodplain. 
In other cases, it may be appropriate to contain the 
principal threats as well as the low-threat material because 
there are large volumes of contaminated material, because 
the PCBs are mixed with other contaminants that make 
treatment impracticable, or because the principal threats 
are not accessible; e.g., sites where they are buried. 

Material that is not treated but is above actions levels 
should be contained to prevent access that would result in 
exposures exceeding protective levels. A framework of long
term management controls tor various site scenarios is 
provided in section 4.3. 

4.2 Treatment Methods 

Several methods have been used or are currently being 

3TSCA regulations require that liquid PCBs at 500 ppm or 
greater be incinerated or treated by an equivalent method. 
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Figure 4-1 -Key Steps in the Development of ~tme\Jial Alternatives for PCB-Conuminated ~P4rit.;nd Situ• 

What 11 the action area 
assuming unlimited exposure? 
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evaluated to reduce the toxicity, mobility, or volume of 
PCB-contaminated material. Depending on the volume of 
material to be treated, the other contaminants that may be 
present, and the consistency of the contaminated material, 
one or more of these methods should be considered as options 
for addressing the principal threats. 

In addition to incineration, there are several other 
technologies that result in the destr-uction or removal of 
PCBs in contaminated soil. These methods can be used with 
no long-term management of treatment residuals if they can 
be shown to achieve a level of performance equivalent to 
incineration, as required in 40CFR761.60(e).• As described 
in guidance (U.S. EPA, l986c), this determination can be 
made by demonstrating that the solid treatment residuals 
contain less than or equal to 2 ppm PCBs using a total waste 
analysis. When a remedial action alternative for a 
Superfund site involves use of a technology that can achieve 
substantial reductions but residual concentrations will 
still exceed 2 ppm, the alternative should include long-term 
management controls as outlined later in Table 4-2. This 
will not be considered equivalent treatment but will be 
treated as closure of an existing hazardous waste unit 
consistent with TSCA chemical waste landfill requirements 
(RCRA closure - 40CFR 264.301 and TSCA chemical waste 
landfill- 40CFR 761.75). As described in Table 4-2, 
certain long term management controls may be waived using 
the TSCA waiver provision, depending on the concentration of 
PCBs remaining and other site-specific !actors. 

A brief discussion of some of the pertinent 
considerations for several treatment technologies that 
address PCBs follows. The evaluations described below 
provide the substantive considerations pertinent to 
treatment of PCBs on Superfund sites. .When material is 
transported off-site for treatment, the treatment facility 
must be permitted under TSCA. Table 4-1 summarizes 
important considerations and consequences associated with 
the use of the various technologies that should be accounted 
for in developing and evaluating alternative remedial 
actions. 

4.2.1 Incineration 

Incineration, covered in 40CFR76l.70, should achieve the 
equivalent of six 9'a (99.9999\) destruction removal 
efficiency. This is indicated by the requirement that mass 
air emissions from the incinerator stack shall not be 
greater than .001 9 PCB/kg o! PCB contaminated material fed 
into the incinerator. 
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Table 4-1 
PCB TREATMENT METHODS A~TI APPLICATIOS CO~SEQUE~CES 

Me:bod5 

Incineration 

Biological Treatment 

Solidification 

Vitrification 

KPEG (PotaSsium Polyethylene Glycolate) 

Solvent W ashin g/E.xtraction 
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Considerations/Con ~yences 

• Cost 
Residual disposal (ash. scrubber water: 

• Public resist.1!1Ce 

• Efficiency 
• By-products 
• T~ttime 
• Ncx proven effective for all 

PCB congeners 

• Volariljzarion 
Leach.a.bili ry 

• Physical strength 
• Life of composite's integrity 

• Cost 
• V olariljzarion 
• Leac habili ry 

Cost (varies with reagent recycleabilicy)• 
Efficiency (varies with Arochlor rypc) 

• Aqueous wastes r:nust be dewazered enhe:
as a pre-step or in a reactor 

• Volari!jz.arion of solvent 
• Solvent recovery 
• Ina.bility of solvent to extt'ICt all PCBs 
• Several extraCtion steps 
• Solvent residual remains in extraCted soil 
• ExtrKU req u::ire destrUction via cxher 

methods 

• Removal efficiency in soil h.ts not been 
established 

• spent CJ.rbon requires trUtmenr/disposal 



..... 
... , ' 

4.2.2 Che~ical Dechlorination (K?EG) 

Chemical reagents prepared fran polyethylene glycols and 
potassiu~ hydroxide have been de~onstrated to dechlorinate 
PCBs through a nucleophilic substitution process. Studies 
have shown that the products of the reaction are non-toxic, 
non-mutagenic, and non-bioaccurnulative (desRosiers, 1987). 
Treatability studies in Guam and at the Wide Beach Superfund 
Site in New York have shown that PCB concentrations can be 
reduced to less than 2 ppm. However, variable 
concentrations in material to be treated wi~l result in 
varying efficiencies of the treatment system and systems 
must be monitored carefully to ensure that sufficient 
reaction time is allowed. 

This technology can achieve performance levels that are 
considered equivalent to incineration: however, treatability 
studies generally will be required to demonstrate that the 
concentration reductions can be achieved on a consistent 
basis for the material that is to be treated. In some 
cases, cost-effective use of the KPEG process will result in 
substantial reductions of PCB concentrations, but the 
residual levels may still be above 2 ppm, in which case 
chemical waste landfill requirements will also need to be 
met. 

4.2.3 Biological Treatment 

Some work has been done en the use of microbes to 
degrade PCBs either through enhancing conditions for 
existing microbes or mixing the contaminated material with 
engineered microbes (Quensen, 1988; Bedard, 1986; Unterman, 
1988; Abramowicz, 1989). The use of this process requires 
detailed treatability studies to ensure that the specific 
PCB congeners present will be degraded and that the 
byproducts of the degradation process will not be toxic. 
For in-situ application, it is possible that extensive 
aeration and nutrient addition to the subsurface will 
increase the mobility of PCBs through transport on 
particulates. This phenomenon should be considered when 
potential ground water contamination is a concern. 

In-situ application does not trigger TSCA requirements 
(unless disposal occurred after February 17, 1978) and the 
primary consideration should be attainment of cleanup levels 
established for the site based on the evaluation of factors 
described in Chapter 3. Biological processes involving the 
excavation of contaminated material for treatment in a 
bioreactor that can be shown to achieve residual 
concentrations of less than or equal to 2 ppm PCBs can be 
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considered equivalen~ treat~e~t. Treatment residuals can be 
re-deposited on site ~ithout long-term management controls 
as long as treatment byproducts do not present a threat to 
human health and the environment. 

4.2.4 Solvent Washing/Extraction 

Solvent washing/extraction involves removing PCBs from 
excavated contaminated soil and concentrating them in a 
residual side stream that will require subsequent treatment, 
generally incineration. Often the solvent can be recovered 
by taking advantage of certain properties of the solvent 
being used. Aliphatic amines (e.g., triethylamine [TEA]), 
used in the Basic Extractive Sludge Treatment (B.E.S.T.), 
exhibit inverse miscibility. Below 15 degrees c, TEA can 
simultaneously solvate oils and water. Above this 
temperature, water becomes immiscible and separates from the 
oil and solvent. Consequently, a process can be designed to 
remove water and organics at low temperatures, separate the 
water from the organic phase at higher temperatures, and 
recover most of the solvent through distillation. The high 
concentration PCB stream is then typically incinerated. 

A similar process, called critical fluid extraction, 
involves taking advantage of increased solvent properties of 
certain gases (e.g., propane) when they are heated and 
compressed to their "critical point.'' Once the PCBs have 
been extracted, the pressure can be reduced allowing the 
solvent to vaporize. The solvent can be recovered and the 
remaining PCBS sent to an incinerator. 

Treatability tests run to date have indicated that there 
is probably a limit to the percentage reduction (on the 
order of 99.5\) achievable with these processes. Repeat 
applications can increase the reductions obtained and 
studies have shown that PCB concentrations in the extracted 
soil of less than 2 ppm can be achieved. However, it may 
not be cost-effective for sites where there are large 
volumes of material at very high concentrations. 

4.2.5 Solidification/Stabilization 

The terms solidification and stabilization are sometimes 
used interchangeably, however, subtle differences •hould be 
recognized. Solidification implies hardening or 
encapsulation to prevent leaching, whereas stabilization 
implies a chemical reaction or bonding to prevent leaching. 
Solidification of PCBs can be accomplished by use of 
pozzolons such as cement or lime. Encapsulation, rather 
than bonding, occurs to prevent leaching of the PCBs. There 
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is some evidence in the literature that ~he excess 
hydroxides are substi~uted on the biphenyl ring resulting in 
a dechlorina~ion reaction (U.S. EPA, 1989c). The 
dechlorinated product would probably be less toxic than the 
parent molecule. Stabilization may be accomplished using a 
modified clay or o~her binder to bond to the PCB preventing 
leaching of the PCBs even under extreme environmental 
conditions. This product will probably be stable over time 
because of the binding, but no changes in the parent 
molecules are expected. 

To assess the reduction in mobility ach~eved through 
solidification, leaching analysis, such as the Toxicity 
Characteristic Leaching Procedure (TCLP) , should be 
performed before and after solidification. Since PCB 
migration potential is reduced but the PCBs are still 
present in the waste and the long term reliability of the 
treatment process is uncertain, long-term management 
controls as outlined in Table 4-2, based on the 
concentration of PCBs stabilized or up to a factor of 10 
lower (based on the results of the performance evaluation), 
should be incorporated into the alternative. 

4.2.6 Vitrification 

Vitrification involves the use of high power electrical 
c~rrent (approximately 4 MW) transmitted into the soil by 
large electrodes which transform the treated material into a 
pyrolyzed mass. Organic contaminants are destroyed and/or 
volatilized, and inorganic contaminants are bound up in the 
glass-like mass that is created. Volatilized organics must 
be captured and treated. Since this process is often 
performed in-situ without disturbing the contaminated 
material, the requirements of TSCA would not be applicable 
unless disposal occurred after February 17, 1978. Also, it 
is often advantageous to consolidate contaminated material 
into one area for purposes of applying the process in which 
cases TSCA requirements would apply for PCBs at 
concentrations greater than 50 ppm since this movement 
constitutes disposal. Because the process results in 
complete pyrolosis of the PCBs in the affected area it is 
considered equivalent to incineration and no long-term 
management would be warranted based on the PCBs. The 
perimeter of the treated area should be tested using the 
TCLP to determine i! long term management controls are 
warranted in areas where gradations in temperature resulted 
in lo~er levels o! PCB destruction. 

4.3 Determining Appropriate Management Controls !or Areas 
Where Concentrations Are Above the Action Levels 
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.---~ Consistent with the Superfund expectations low-threat 
/~) material should generally be contained on site. As 
~ described above~ this will generally include soil with PCBs 

at concentration of less than 100 ppm (residential) or PCBs 
- · "ndustrial). The 

management controls that should be implemente 
material that remains at these sites above the action level 
will depend on the material that is to be contained and 
hydrogeolo · 1 and meteorological factors associated with 

----~~~·~te. Controls may include caps, liners, leachate 
collect~on systems, ground water monitoring, surface water 
controls, and site security. A general framework of 

r--appropriate controls under various site scenarios is 
provided in Table 4-2. If disposal of PCBs subject to TSCA 
(concentrations greater than 50 ppm) occurred after 1978, 
then the long-term management controls required for chemical 
waste landfills must be addressed for material that is not 
incinerated or treated by an equivalent method. As noted in 
the Table, where low concentrations of PCBs will remain on 
site and direct contact risks can be reduced sufficiently, 
minimal long term management controls are warranted. 
Controls should ensure that PCBs will not pose a threat to 
the ground water or any nearby surface water. TSCA waivers 
of particular chernical waste landfill requirements may be 
justified. Where TSCA landfill requirements are not 
applicable (post-78 disposal of >50 ppm PCB material 
did/does not occur) , they will not be relevant and 
appropriate since RCRA closure requirements are generally 
the relevant and appropriate requirement; consequently, the 
use of the TSCA waiver provision will not be necessary. 

4.3.1 Example Analyses -- Long-Term Management Controls 

To illustrate the process of determining the appropriate 
long-term management controls for low-threat PCB 
contamination that will remain at a site, an example was 
developed. A description of the models used in this 
evaluation is provided in Appendix C. The parameters used 
in this analysis are generally conservative. They are 
summarized in Table 4-3. Four different source area PCB 
concentrations were evaluated: 5 ppm, 20 ppm, 50 ppm, and 
100 ppm. 

The determination of the appropr~ate long term manaqement 
controls for this example site was based on preventinq 
access to concentrations of PCBs exceeding the action level 
(residential, 1 ppm; industrial 10 - 25 ppm) and preventing 
migration of PCBs to the ground water at concentrations that 
exceed the proposed drinking water standard -- .5 ppb. The 
migration to ground water pathway was assessed by 
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Table 4·2- Selection or Lono· Term Management Controls To Be Cons&defed for PCB .Contaminated Sltes 
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Table 4-3 
SITE PARAMETERS 

Source Area-S Acres 
Average Regional Flow 310 ftiycM 
Porosity of Soil-0.25 
Bulk Density of Soil-1.97 a/ml 
Time-Peak 70 yean from 0-lO,tm yean 
ContamiMte.d zone orpnic content-S.()% 
Clean unsaturated zone orp.nic content-0.5% 
Saturated zone orp.nic content-0.1% 
PCB balf-Jife-SO years 
Depth of Contamjnation-10 feet 
Depth to Groundwater-20 feet 
Thickness of Saturated Zone-S feet 
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determining the infiltration projected through four 
different cap designs and then modeling the migration of 
PCBs from the source area to and into the ground water. 

The four caps evaluated in this analysis are: 
1. ~welve-inch soil cap 
2. Twelve-inch soil cap ~ith 24-inch clay layer 
3. 24-inch soil cap, flexible membrane liner, and 12-inch 

cover soil, and 
4. RCRA minimum technology cap including i4-inch soil cap, 

12-inch sand drainage layer, flexible membrane liner, 
24-inch clay layer, and 12-inch cover soil. 

These caps are pictured in Figure 4-2. The infiltration 
expected through each of these caps, presented in Table 4-4, 
(given the site conditions presented in Table 4-3) was 
estimated using the Hydrologic Evaluation of Landfill 
Performance (HELP) model and the migration of PCBs to and 
into the ground water was estimated using a combination of a 
one-dimensional unsaturated zone finite-element flow and 
transport module called VADOFT (U.S. EPA, 1989f) and an 
analytical solute/heat transport module called ATl23D (Yeh, 
1981). 

The results of this analysis are summarized in Table 4-
5. PCB concentrations in ground water were estimated for 
each of the four cap designs and four different PCB source 
concentrations. Based on this analysis, the following 
recommendations for caps would be made: 

5 ppm PCBs Source At this concentration the threat of PCB 
migration to ground water at concentrations that would 
exceed the proposed MCL of .5 ppb under the given site 
conditions is unlikely. The maximum concentration averaged 
over 70 years (occuring after 945 years) is .099 ppb with 
only a soil cap. The soil cover would be recommended for 
sites in residential areas to prevent contact with 
concentrations above 1 ppm, the starting point action level. 

20 ppm PCBI source Again, the analysis indicates that the 
threat to ground water is not significant. With only a soil 
cap, the maximum concentration expected is .4 ppb. For 
sites in residential areas, a cem~nt cover and a deed notice 
may be warranted to prevent contact with PCBs exceeding the 
l ppm starting point action level. 

50 ppm PCBs Source At 50 ppm, PCB concentrations in the 
ground water are projected to exceed the .5 ppb level 
slightly -- approximately 1 ppb. At this concentration, tor 
the site conditions presented, cap design 2 (Figure 4-2) 
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Figure 4-2 
Cap Design O.talls 

WlQ:S 2 

---------------------
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Table 4-4 
COVER DESIGN SUMMARY TAIL£ (AA1'.1JAL VALUES) 

lAft.ltn tioa 
Cover Site Area Predp. Ruoft' EvapotrU.s. (CIL Ft.)/ 
Desip (Ac:res) (CLFt.) (Ca.. Ft.) (Ca.. Ft.) A eft 

1 2 258,877 3.349 113,134 71,467 

2 2 28S,877 78,}64 114,628 33,529 

3 2 258,877 127,318 131,170 226 

4 2 2.8S,877 9oi.262 118,162 1 
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would be recommended. The combination of a low-permeabilitv 
cover soil and the soil cap will prevent PCBs from migrating 
to the ground water at levels that exceed .5 ppb. With the 
reduced infiltration the maximu~ PCB concentration projected 
for the ground ~ater (occurring after 1645 years) is .3 ppb. 
Again, a deed notice would be warranted to prevent direct 
contact with the soil in the future. 

100 ppm PCBs Source At 100 ppm, PCB concentrations in the 
ground water are projected to exceed the .5 ppb level 
slightly -- approximately .6 ppb, even with the addition of 
a low-permeability cover soil. At this concentration, tor 
the site conditions presented, the cap design 3 (Figure 4-2) 
would be recommended. The addition of a flexible membrane 
liner reduces infiltration sufficiently to prevent migration 
of PCBs to the ground water. Consistent with Table 4-2, a 
deed notice, fence, and periodic ground water monitoring 
would also be recommended. 

4.4 Dredged Material 

A special allowance is made under TSCA for dredged 
materiat and municipal sewage treatment sludges in section 
761.60(a) (5) (iii). If, based on technical, environmental, 
and economic considerations, it can be shown that disposal 
in an incinerator or chemical waste landfill is not 
reasonable or appropriate and that an alternative disposal 
method will provide adequate protection to health and the 
environment, this alternate disposal method will meet the 
substantive requirements of TSCA. Since these showings are 
integral components of any remedy selected at a Superfund 
site, Superfund actions involving Pea-contaminated dredged 
material generally will be consistent with TSCA. 

4.5 RCRA Hazardous Waste 

As noted in section 2.3.2, special consideration must be 
given to pes-contaminated soil that also contains material 
considered hazardous under RCRA. Soil containing 
constituents that make it hazardous under RCRA that is 
excavated tor the purpose of treatment or disposal must be 
treated consistent with the land disposal restrictions prior 
to placement and residuals managed in accordance with 
Subtitle c closure requirements. ·This means that a specific 
treatment method must be applied, or apecified concentration 
levels must be attained for the waste contained in the soil, 
or a treatability variance must be obtained to establish 
alternate treatment standards. For soil and debris from 
CERCLA sites the need for a treatability variance is 
presumed {preamble to NCP, 55 Federal Register 8760-61, 
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March 8, 1990). Treat~ent guidelines for constituents found 
in RCRA hazardous waste have been developed for use in 
treatability variances and should be used as a guide in 
determining the reductions in contaminant levels that should 
be attained by alternative treatment methods. 

PCBs alone are not considered hazardous under RCRA since 
they are addressed under the TSCA regulations; however, land 
disposal restrictions do address PCBs under the California 
List Waste provisions for cases where PCBs are mixed with a 
waste that is considered hazardous under RCRA. If the waste 
is hazardous under RCRA, and the concentration of 
halogenated organic compounds exceeds 1000 ppm, the land 
disposal restrictions associated with California List Waste 
become applicable. A list of compounds regulated under the 
category of halogenated organic compounds is provided in 40 
CFR part 268 Appendix III. PCBs are included on this list. 
Soil with HOCs exceeding 1000 ppm that is also considered 
hazardous under RCRA, must be incinerated or treated under a 
treatability variance. Under a treatability variance, 
treatment should achieve residual HOC concentrations 
consistent with the levels specified for a treatability 
variance for Superfund soil and debris. PCB concentrations 
must be reduced to .1 - 10 ppm for concentrations up to 100 
ppm, and percent reductions of 90 - 99.9\ must be achieved 
for higher concentrations (U.S. EPA, 1989h). If 
solidification is used, the levels specified under 
treatability variance guidelines apply to leachate obtained 
from application of the Toxicity Characteristic Leaching 
Procedure (TCLP) . 

The implications of the land disposal restrictions vary 
somewhat depending on whether the waste present is a listed 
hazardous waste or is hazardous by characteristic. If the 
soil contains a listed hazardous waste, once treatment 
consistent with the land disposal restrictions (i.e., 
specified treatment or concentration reductions consistent 
with the levels provided in the treatability variance 
guidelines for soil and debris) is employed, the residual 
after treatment must be disposed of in a landfill that meets 
the requirements of a RCRA Subtitle c Landfill. It may be 
possible to delist the residuals to demonstrate that it is 
no longer hazardous; this may be done for wastes on-site as 
part of the ROO; for wastes to be sent off-site, EPA 
Headquarters should be consulted regarding de-listing. If 
the concentration of PCBs remaining still exceeds 2 ppm, the 
landfill should also be consistent with a chemical waste 
landfill described under TSCA. As discussed in Section 4.3, 
fulfillment of RCRA Subtitle c Landfill Closure requiraments 
will also guarantee fulfillment of TSCA chemical waste 
landfill requirements. 
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If the soil contains mate~ial that ~akes it hazardous 
because of a characteristic; e.g., leachate concentrations 
exceed levels specified in 40 CfR 261.24, the soil should be 
treated to established BOAT levels, if any; if BOAT 
concentrations are not specified, the soil should be treated 
such that it no longer exhibits the characteristic. Once 
the BOAT level is achieved (if any) or the characteristic 
has been removed, it may be possible to land dispose the 
waste and Subtitle C landfill requirements would not be 
applicable but rather, the waste would be considered a solid 
waste and governed by Subtitle D. However, when PCBs are 
present in the waste, long term management controls 
consistent with the guidelines given in Section 4.2 should 
be employed. • 

4.6 Example Options Analysis --Contaminated Soil 

Table 4-6 outlines the ARARs that may have to be addressed 
for wastes with different constituents including those that 
will make the waste hazardous because either a listed waste 
is present or the material exhibits a hazardous 
characteristic. These restrictions apply only when PCB
contaminated waste is disposed. They do not require 
excavation of PCBs that were disposed prior to Superfund 
response. 
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TJb!e .!-6 
EXA\tPLE PCB CO\tPLI.-\...\."CE SCE~ARIOS FOR CO~"l.-\.\!I~A TE0 s,=.,;:_ 

Waste Type and 
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-------
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HOCs < l.CXX)ppm 
[10 th1s case PCBs 
not covered by RCRA! 

PCBs > SO ppm. 
RCR.A Its tea w a.ste. 
and HOCs > l.OC() mg.·'\~ 

PC3s >SO ppm. 
RCR.A ci\Nxt.erut.:.:: 
mel4l waste. at~d 
HOCs < 1 .roJ mi-lk& 

. PCBs >50 ppm. 
R CRA ctwx t.enstJc 
meW WI.Sl.e, ltld 
HOCs > l.CXXJ ppm 

Resmcnon( s) 
tn Effect 

TSCA 

TSCA 

RCRALORJ 
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• lncinerue; Qt 

• Use eqwvaJent treatment to 2 ppm (solid res1due: ;:r 
3 ppe (aqueous phase) 

------------
• Must abo be consuu=nt w tth c:hem w:aJ wa.ste 

1Mw1till if rm&J PCB c:onccnnaon exc eed.s 2 
ppm (solid raidue) 

• T real IC LOR creaunetH sur.d.a. ""d foe I i.stea 
WI.Sle:gc 

• ObWn an equivalent treatment method 
penuon:IX 

• Obwn a tre.atability vVWlee (sod and 
debru conc.entn.uon levels as TBC); w 

• Dtspose of ac.:ort1Jni to Subot..le C I'UUleuoru 

----------------
TSCA 

RCRA LDR.s 

TSCA 

RCR.A LOfts 

TSCA 

RC'RA LDR.s 

• Dtsposc of in chemical waste W\dflll if fil"..a.l 
PCB concentnUOO ex~ 2 ppm (solid res1due l 

• Treat 10 LOR PCB (i.e .. incmenu:) &tld 
I i.ue.d was 1e tre.a anc n t SW"odud; Qt 

• Obwn an eqwva1ent treatment mc:.hod 
penuon:t;( 

• Tn::at 10 treaabiliry varunce levels foe 

Superl und sot! and debru: aru1 
• Dtspose of IO:ordlnJ t.o Subu!Je C reSU'ICuons 

• Dis;JOSe olin chcmica.l waste l.andrlll if fira.l 
PCB concennuon exceeds 2 ppm (solid res1due .! 

Treat 10 BOAT or Treaubtlicy Vanance leYe!s a..'1d C-is;:cs.e 
ar:CXX'dLnl 10 Subur.le C ~oru 

.. 
• Solidify 10 ranove ch.arx~ensur: (baed on TCL?l VIC 

dLSpose ac:OtdLn&IO s~ba!Je o res:tnc:Uoru 

• · Dispose olin chcmiaJ was~ Landfill if PCB 
concencn.tion exceed.s 2 ppm (sobd re.s.due) 

• lncinerw 10 LOR na.ane:u sund.wd foe 
HOCs. JDbdity ~ £1: 

• Trw by eqwvalau meW:d. IOlidify: m: 
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Chapter s 

Analysis of Alternatives and Selection of Remedy 

Consistent vith proqram expectations, it vill qenerally 
be appropriate to develop a ranqe ot alternatives tor sites 
vith PCB contamination, includinq alternatives that involve 
treatment ot the principal threats usinq aethods descri~ed 
in chapter 4 or more innovative methods in combination with 
lonq-term aanaqament ot low-threat wastes consistent with 
the tramevork provided. As described in the Guidance on 
Conductinq R .. edial Investiqationsj Peasi~ility Studies 
Onder CERCLA, alternatives are initially sc~ened on the 
basis ot effectiveness, implementability, and cost (order ot 
maqnitude). Those alternatives that are retained are 
analyzed in detail aqainst the nine evaluation criteria. 
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5.1 Evaluating Remedial Alter~atives 

The overall response options at any site range from 
cleaning up the site to levels that would allow it to be 
used without restrictions to closing the site with full 
containment of the wastes. Alternatives retained for 
detailed analysis are evaluated on the basis of the 
following criteria: 

o Overall protection of human health and the environment 
o Compliance with ARARs 
o Long-term effectiveness and permanence • 
o Reduction of toxicity, mobility, or volume through 

treatment 
o Short-term effectiveness 
o Implementability 
o Cost 
o State acceptance 
o Community acceptance 

The sections that follow will discuss in turn the first 
seven of these criteria and the special considerations that 
may be appropriate when PCB contamination is to be 
addressed. State and community acceptance are important 
criteria but are generally handled no differently for PCB 
sites than they are for other contaminated sites. 

5.1.1 overall Protection of Human Health and the Environment 

overall protection of human health and the environment 
is achieved by eliminating, reducing, or controlling site 
risks posed through each pathway. As covered in section 3, 
this includes direct contact risks, potential migration to 
ground water, and potential risks to ecosystems. Often 
alternatives will involve a combination of methods (e.g., 
treatment and containment) to achieve protection. In 
general, remedies for PCB sites will involve reducing high 
concentrations of PCBs through treatment and long-term 
managment of materials remaining. The methods of protection 
used to control exposure through each pathway should be 
described under this criterion. 

5.1.2 Compliance With ARARs 

As outlined in section 2, the primary ARARs for 
alternatives addressing PCB contamination derive from the 
TSCA and the RCRA, and for actions involving PCB 
contaminated ground water andjor surface water, the SOWA and 
the CWA. 
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Since RCRA closure requirements are generally relevant 
and appropriate at Superfund sites even ~hen a hazardous 
~aste is not involved, a discussion of the measures taken at 
the site for the alternative being considered that are 
cor.sistent ~ith the RCRA requirements is ~arranted. 

TSCA is applicable where disposal occurred after 
February 17, 1978 including any alternatives involving 
movement of material with 50 ppm or greater PCBs and 
compliance with the substantive requirements must be 
addressed. For alternatives that do not achieve the 
standards specified for treatment of PCBs under TSCA, 
consistency ~ith long-term management controls associated 
~ith a chemical waste landfill must be demonstrated. 
Consistency may be achieved by complying ~ith the specified 
landfill requirements or meeting the substantive findings to 
support a ~aiver as provided in the TSCA regulations (40 CFR 
761.75). 

Although the PCB Spill Policy is not ARAR, it is an 
important TBC. A statement indicating the relationship 
bet~een the cleanup levels selected and the cleanup levels 
in the Spill Policy for alternatives involving no or minimal 
long term management controls is usually ~arranted. 

Because PCBs adhere strongly to soil, it may be 
icpracticable to reduce concentrations in the ground water 
to the proposed MCL level of .5 ppb throughout the entire 
plume, for sites ~here PCBs have migrated to the saturated 
zone. PCBs adsorbed to particulates can be removed in 
extraction wells; however, they will be drawn through the 
aquifer very slowly. A waiver from State standards or the 
MCL once it becomes final may be warranted for sites where 
ground water restoration time frames are estimated to be 
very long or where cleanup cannot be achieved throughout the 
entire area of attainment. Interim remedies (extraction for 
a specified period of time such as 5 years) to assess the 
practicability of extraction or other techniques may be 
worthwhile to determine the feasibility of achieving 
drinking water levels or at a minimum, reducing risks to the 
extent practicable. 

5.1.3 Long-Term Effectiveness and Permanence 

Long-term effectiveness and permanence addresses how well 
a remedy maintains protection of human health and the 
environment after remedial action objectives have been met. 
Alternatives that involve the removal or destruction o! PCBs 
to the extent that no access restrictions are necessary 
for protection o! human health and the environment provide 
the greatest long-term effectiveness and permanence. The 
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uncertainty associated with achieving remediation goals for 
the treatment methods considered may distinguish 
alternatives with respect to this criterion. Alternatives 
that limit the mobility of PCBs through treatment such as 
solidification/stabilization afford less long-term 
effectiveness and permanence than alternatives that 
permanently destroy the PCEs, although solidification in 
combination with management controls can be very reliable 
based on the site-specific circumstances involved. 
Generally, alternatives relying solely on long-term 
management controls such as caps, liners, and leachate 
collection systems to provide protection have the lowest 
long-term effectiveness and permanence~ however, this may be 
appropriate ~here low-concentration material is to be 
contained or where excavation is not practicable. Many 
alternatives will involve combinations of treatment and 
containment and will consequently fall at various points 
along the permanence continuum depending on the volume and 
concentration of residuals remaining on site. 

5.1.4 Reduction of Toxicity, Mobility, or Volume Through 
Treatment 

The anticipated performance of treatment technologies 
used in the alternatives is evaluated under this criterion. 
Alternatives that do not involve treatment achieve no 
reduction of toxicity, mobility, or volume through treatment 
and should not be described as doing so under this criterion 
(e.g., placing a cap over contaminated soil does not reduce 
mobility of PCBs through treatment). Alternatives that use 
treatment methods that have a high certainty of achieving 
substantial reductions (at least 90\) of PCBs have the 
greatest reduction of toxicity. Alternatives that treat the 
majority of the contaminated material through these 
processes achieve the greatest reduction in volume. 
Alternatives that utilize methods to encapsulate or 
chemically stabilize PCBs achieve reduction of mobility; 
however, most of these processes also increase the volume of 
contaminated material and this must be considered. 

5.1.5 Short-Term Effectiveness 

The effectiveness of alternatives in protecting human 
health and the environment during construction and 
implementation is assessed under short-term effectiveness. 
This criterion encompassess concerns about short-term 
impacts as well as the length of time required to implement 
the alternatives. Factors such as cross-media impacts, the 
need to transport contaminated material through populated 
areas, and potential disruption of ecosystems may be 
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pertinent. Because PC9s do volatilize, remedies involving 
excavation will create short-te~ risks through the 
inhalation pathway. For actions involving large volumes of 
highly conta~inated material this risk may be substantial; 
however, it can be controlled. 

5.1.6 Implementability 

The technical and administrative feasibility of 
alternatives as well as the availability of needed goods and 
services are evaluated to assess the alternative's 
implementability. Many of the treatment metbods for PCBs 
require construction of the treatment system on-site since 
commercial systems for such techniques as KPEG and solvent 
washing may not be readily available. Other methods, such 
as bioremediation, require extensive study before their 
effectiveness can be fully assessed. This reduces the 
implementability of the alternative. Offsite treatment and 
disposal facilities must be permitted under TSCA and usually 
under RCRA as well if other contaminants are present. This 
may affect the implementability of alternatives that require 
PCB material be taken offsite due to treatment and disposal 
facility capacity problems and the need to transport 
contaminated material. Finally, the implementability of 
alternatives involving long-term management and limitations 
on site access to provide protection may be limited by the 
site location; e.g., flood plain, residential area. 

5.1.7 cost 

Capital and operation and maintenance costs are 
evaluated for each alternative. These costs include design 
and construction costs, remedial action operating costs, 
other capital and short-term costs, costs associated with 
maintenance, and costs of performance evaluations, including 
monitoring. All costs are calculated on a present worth 
basis. 

5.2 Selection of Remedy 

The remedy selected for the site should provide the best 
balance of tradeof!s among alternatives with respect to the 
nine evaluation criteria. First, it should be confirmed 
that all alternatives provide adequate protection of huaan 
health and the environment and either attain or exceed all 
o! their ARARs or provide grounds !or invoking a CERCLA 
waiver of an ARAR. Some o! the key tradeoffs for sites with 

62 



PCB contamination include: 

o Alternatives that offer a high degree of long-term 
effectiveness and permanence and reduction of toxicity, 
oobility, or volume through treatment, such as 
incineration, generally involve high costs. Short-term 
effectiveness !or such alternatives may be low since 
risks may increase during implementation due to the 
need to excavate and possibly transport contaminated 
material, resulting in cross-media impacts. 

o Alternatives that utilize innovative methods, often 
less costly than incineration, to reduce toxicity, 
mobility, or volume are often more difficult to 
implement due to the need !or treatability studies and 
to construct treatment facilities onsite. In addition, 
the treatment levels achievable and the long term 
effectiveness and permanence may be less certain. 

o Alternatives that involve stabilization to reduce the 
mobility of PCBs and limit cross-media impacts that may 
result from incineration (particularly important when 
other contaminants such as volatile metals are present) 
at a lower cost than other treatment methods, have 
higher uncertainty over the long term but may provide 
advantages in long-term effectiveness over alternatives 
that simply contain the waste in place. 

o Alternatives that simply contain PCBS do not utilize 
treatment to reduce toxicity, mobility, or volume of 
the waste, have lower long-term effectiveness and 
peroanence than alternatives involving treatment, but 
are generally less costly, easy to implement, and pose 
r.inimal short-term impacts. 

The relative trade-offs based on these considerations will 
vary depending on site specific considerations discussed in 
earlier sections: i.e., concentration and volume of PCBs, 
site location, and presence of other contaminants. 

5.3 Documentation 

Typically, a ROD for a PCB-contaminat•d site should 
include the following unique components in addition to the 
standard site characterization and·FS summary information 
described in the Guidance on Preparing Superfund Decision 
Documents: 

o Remediation goals defined in the FS. For the selected 
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remedy, the ROD should describe: 

- Cleanup levels above which PCB-conta~inated ~aterial 
will be excavated. A comparison of the levels 
selected to PCB Spill Policy levels and explanation 
of why they differ may be warranted. 

- Treat~ent levels to which the selected remedy will 
reduce PCB concentrations prior to re-depositing 
residuals onsite or in a landfill. The consistency 
o! these levels with the TSCA requirements (i.e., 
the requirement to demonstrate achi~vement o! 2 ppm 
or less in solid treatment residue for material that 
will remain on site with no controls), and RCRA LDR 
requirements for hazardous wastes, should be noted. 

o A description of technical aspects of the remedy, such 
as the following (should be included in alternative 
descriptions): 

- Treatment process, including the disposition of all 
effluent streams and residuals. 

- Time frame for completing the remedy and controls 
that will be implemented during this time to ensure 
protection of human health and the environment. 

- Long term management ac~ions or site controls that 
will be implemented to contain or limit access to 
PCBs remaining on site. The consistency with RCRA 
closure and TSCA chemical waste landfill measures, 
and necessary TSCA waivers, should be indicated. 
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RA (~J:AP) 91/4 

AAOflll OilS PAl I Ill A IHI HI 

f OH(.( HI AA I I OH 

1760 b. 400 .. , .. 

( lfAVA liON 

II 'illS 

nc:IMrtliOII of u.,td and aludte lanll Cap1lal Cost 

AD (SCAPI 89/1 
RA (SCAr) ql/1 

~ate; dtcOIIt .. INllon of t1nl1, plp1nq, 

.rocualf'9 equl,..nt. and bul ldlf\9 
~trr1als ~119B'trd for talva~ or rrusr 

o a lrwrl not to r•ce~ 100 uq/100 

qu••• crnlt-lrrs P'CII1 Of\ II~ surf•• r. 

11\olr 1h\[>OUI of lrutltlorrq rul>l.ll'. 

• 

f'IIIHAIIO 

'101\JHI 

lAIIOMAI ( Wilt Ill( t•l Ull liM 

~AS NOI \lllfiiD 

19,11/ lncturr•lruu \l'lr• lr•ol 

cubtc y.trlls 

700.000 )IH IIU'I ,t( IIIII \t•f f'l (t·d 



If twt(. SJAI( f•OO SJGM DAif I (HAD) 
~(MIS Of IH( SlllCilD RIHIDY 

:rrle, •sph.ll, •nd other .. te~lals 
1 cannot be d!•cocot•ln•led to len 
, !.0 ..- f'Cia and treal~l 
.. terlnt or lloc:lneratlon) of C)eneraltd 
>nl•uwt•on I lulda. 

COS IS 

)lassvllle Dltpoaal, rA (06/J0/811 (S } 
1v1l Jon alld onslte lhenul l rut-nl 
:onl•IMled eol h. aludfes and 

llct.1110.1iJD· 
ISJ,619,000 

.-nla with aalldlflcatlon and on1lle Capilli (ott 
IOUl OJ llh rtll~h; 1111l1lhl loti 

.oil covers In lesser cont .. lnated 
ce areas; deed restrictions. 

· Ct..! cal. WV 
,vatiOft and ,..,val of tallla and dr.-t lll.llO.OOO 

~lMtARY kiPORI 01 I Yll7 IIIIIOIIf,ll IY119 

RlfOROS 01 01(1\11111 IIIAJ AOOitrSS POLYCIIIORINAifll 1111'1111111'> 

A\ A fONIAHIIIAIIJ 01 fOiifiiiN 

110/IIA COH/'1 I I IIJH 

llAII S 

RO I SCAP). 90/J 

U (SCAPI. 91/4 

RO (SlAP) 89/l 

AII()(IIIOIH PIH IRUIHIHI 

IOHIINIRAIION 

Mol 
Shltd 

I . 88 9 l>fW 

lliAVAIION 

II Vll 5 

Mot 

Sht~d 

, ofhlle liiClMrallon aAd dlspoul; Prurnl ~rlh RA (5CAP). 90/1 
Not 

Sht~ 

Not 

5hl~d 

No I 

Shttd 

~ ~ ORslte treat ... l of llfOO" 
.. utlnt lon esct\lftte or c.,_ltal 
allon; ~•l..ater treat.ent utlnt 
ul1led acll~attd carbon with offtllt 

1lu1l dlsch,rf'! to aurf1ct wAter. 

I'>IIHAIIII 

VOIIIHI 

RAIIOMAII Win IHIIIIINAIIUII 

YA\ ltf)l ',Jill 1111 

4ft, 400 lm: 11~1 <II IIIII \t'lo·< I ,.,j 

cub1 c v•rd\ 

leu IUC"I.i( \UU '•t'lt·, f 1•d 


